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Preface

The United Kingdom’s Ministry of Defence (MOD) is pursuing sev-
eral shipbuilding programmes—including the Aszuze submarine class,
the Future Aircraft Carrier (CVF), the Future Surface Combatant
(FSC), Military Afloat Reach and Sustainability (MARS) vessels, and
the Type 45 destroyer—that will potentially stress the UK’s domestic
shipbuilding industry capacity over the next 15 years.

In 2005, RAND published an examination of this issue, 7he
United Kingdom’s Naval Shipbuilding Industrial Base: The Next Fifteen
Years," which has been widely cited in government and press circles in
the United Kingdom and was referenced by MOD in the maritime sec-
tion of its recently released Defence Industrial Strategy (DIS).>

Since the release of the RAND study and the DIS, MOD has
identified a series of new but related questions connected with that
original work. Those questions focus on the need for, and retention of,
specific technical skills in the UK’s maritime industry.

As a result, in 2006, MOD asked RAND to undertake a follow-
on study using a similar but expanded analytical approach to help
it better understand how to sustain technical skills in the maritime
sector. In particular, MOD was interested in exploring the relationship
between the demand created by its ship and submarine acquisition pro-

1" Mark V. Arena, Hans Pung, Cynthia R. Cook, Jefferson P. Marquis, Jessie Riposo, and
Gordon T. Lee, The United Kingdom’s Naval Shipbuilding Industrial Base: The Next Fifteen
Years, Santa Monica, Calif.: RAND Corporation, MG-294-MOD, 2005.

2 UK Ministry of Defence, Defence Industrial Strategy, Defence White Paper CM 6697,
December 2005.
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gramme and the supply of the technical workforce needed to support
that programme.

RAND analysed these issues between 2006 and mid-2007, employ-
ing both qualitative and quantitative methodologies. This monograph
describes the analytical procedures that the RAND team followed and
summarises its findings and recommendations. The results indicate
that the supply-demand relationship is highly complex and that some
technical skills are extremely sensitive to demand.

As part of this project, RAND provided MOD with management
tools that allowed it to model these dynamic relationships and assess
options for sustaining these skills.

This research should be of interest to MOD’s Defence Equipment
and Support organisation, as well as to service and defence managers
and policymakers involved in weapon system acquisition on both sides
of the Atlantic. It should also be of interest to shipbuilding industry
executives in the United Kingdom.

This research was sponsored by the Ministry of Defence and
conducted within RAND Europe and the International Security
and Defense Policy Center of the RAND National Security Research
Division (NSRD).

For more information on RAND Europe, contact the Director of
its Defence and Security Programme, Hans Pung. He can be reached
by email at Hans_Pung@rand.org; by phone at +44 1223 353 329; or
by mail at RAND Europe, Westbrook Centre, Milton Road, Cam-
bridge, CB4 1YG, United Kingdom.

For more information on RAND’s International Security and
Defense Policy Center, contact the Director, James Dobbins. He
can be reached by email at James_Dobbins@rand.org; by phone at
703-413-1100 extension 5134; or by mail at RAND, 1200 South
Hayes Street, Arlington, Virginia 22202-5050. More information
about RAND is available at www.rand.org.
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Summary

To preserve its ability to design, build, and support complex warships
and submarines, the UK Ministry of Defence (MOD) will need to pre-
serve and sustain several key technical skills in the maritime domain.
In particular, it needs to nurture detailed designers and professional
engineers involved in various stages of surface ship and submarine
acquisition and support. Although MOD has taken into account its
need for these skills, its significant future maritime programme likely
will have to be modified or augmented to sustain these technical skills
in the long term.

This is the key conclusion of a study of naval technical skills
that RAND Europe pursued on MOD’s behalf between 2006 and
mid-2007. The study, the second investigation of demand for maritime
labour in the UK that RAND has performed for MOD, is the first
to investigate specific technical skills that the UK’s maritime industry
will need to sustain to preserve the country’s ability to design, build,
and support complex warships and submarines.

What Is the Problem?

The UK is pursuing several shipbuilding programmes—including the
Astute submarine class, the Future Aircraft Carrier (CVF), the Future
Surface Combatant (FSC), Military Afloat Reach and Sustainabil-
ity (MARS) vessels, and the Type 45 destroyer—that may stress the
UK’s domestic shipbuilding and maritime support industry capacity
over the next 15 years. Motivated by that possible overcapacity, MOD

XV
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asked RAND in 2006 to help it better understand issues surrounding
the UK’s ability to sustain technical skills in its maritime sector.! In
particular, it was interested in exploring the relationship between the
demand created by its ship and submarine acquisition programme and
the technical workforce needed to design, build, and support those war
vessels.

MOD’s future shipbuilding programme involves acquiring more
than 50 ships and submarines over the next 30 years, according to offi-
cial announcements and publications. To ensure that industry has the
capability and capacity to fulfil this programme, MOD published its
Defence Industrial Strategy (DIS) in December 2005.2 This document
established guidance for policymakers with respect to industrial goals
and capacity that the UK will need to fulfil its military acquisition pro-
grammes over the next several decades.

The section of the DIS pertaining to maritime industrial issues is
referred to as the Maritime Industrial Strategy (MIS). The MIS identi-
fies six strategic capabilities that the UK will need to retain to preserve
the domestic ability to design, build, and support complex warships
and submarines onshore: maritime systems engineering, shipbuilding
and integration, submarines and nuclear propulsion, maritime combat
systems, maritime support, and maritime systems and technologies.

What Was RAND Asked to Do About the Problem?

Previous RAND studies for MOD have taken a macro look at the types
and numbers of professional and nonprofessional skills that MOD will
need to fulfil its shipbuilding programme. But in this case, the MIS
raised a set of related questions at the micro level about key capabilities,
prompting MOD to seek RAND’s further assistance on this project.

' In addition to the 2005 study (Arena et al., 2005), this research drew from several other

studies that RAND conducted for the MOD on maritime industrial strategy issues, including
John F. Schank, Jessie Riposo, John Birkler, and James Chiesa, 7he United Kingdom’s Nuclear
Submarine Industrial Base: Sustaining Design and Production Resources, Santa Monica, Calif.:

RAND Corporation, MG-326/1-MOD, 2005.
2 UK Ministry of Defence (2005).
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Specifically, MOD sought assistance identifying the following labour
implications of its shipbuilding programme:?

* technical industrial skills needed to design, build, and support
the vessels outlined in the programme

* how these skills are represented in the UK’s maritime industry

* how these skills are used to meet the demands of the programme.

How Did RAND Study the Problem?

We pursued our research using a variety of qualitative and quantitative
approaches. Our qualitative efforts involved reviewing relevant research
done by RAND and others, interviewing key industry personnel to
obtain information about their technical workforce, and conducting
a qualitative survey of industry. Our quantitative efforts entailed cre-
ating and conducting a quantitative survey of industry to seek esti-
mates of the technical workforces that would be required to meet the
estimated demand of the future MOD maritime programme under a
variety of conditions.

We reviewed work performed by RAND and others about mari-
time industrial issues, both in the UK and the United States. In a linked
path, we interviewed experts from a cross-section of the UK maritime
industrial base using a survey instrument that we designed. Our initial
qualitative explorations produced a list of key maritime skills used by
industry, most of which were of a technical nature.* We used that list,
shown in Table S.1, as the basis for the rest of our project.

The survey was extensive and sought qualitative and quantitative
data from each company about their workforces and their views of the
industry.

3 It was beyond the scope of this study to analyse the relationship between demand and
supply of the technical skills.

4 Throughout the rest of this monograph, we refer to this skill set as technical skills.
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Table S.1
RAND Maritime Technical Skill Categories

Group Skill Category

Detailed designers Electrical and control
Mechanical/fluids
Hull/structural/arrangements
Other detailed design

Professional engineers Acoustics/signatures/dynamics
Combat systems and integration
Electrical and control
Mechanical/fluids
Naval architecture/marine
Hull/structural/arrangements
Testing, commissioning, and acceptance
Safety/environmental
Welding/metallurgy/materials
Propulsion
Nuclear specific
Other engineering

Technical managers Programme management

Planning and production support

We used data that we obtained from the survey to populate a com-
puter model, which we employed to project shipyard industry demand
for labour under a variety of conditions in the future. The model that
we used was a labour demand model that RAND has employed in
many projects, but we modified it to incorporate technical skills identi-
fied in our qualitative survey.

During the course of the project, it became apparent that it would
not be possible to incorporate the data from the support organisations
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and key suppliers that we surveyed. We omitted these data because they
did not fully represent the support yards and suppliers across the mari-
time sector and could be misinterpreted. Although this meant that we
had to exclude support, repair, and upgrade activities from the detailed
demand analysis, presented in Appendix A, some analysis on how the
limited data we collected may be added to the wider analysis.

What Did RAND Find Out?

What Did Industry Tell Us About Their Technical Workforce?

RAND sent the survey to key UK maritime industrial firms. The
survey asked them to report how many detailed designers, professional
engineers and technical managers they employ on UK maritime pro-
grammes. They reported that they employed a total of 3,525 person-
nel in technical fields within the maritime industrial base in 2007. Of
these, 998 were employed as detailed designers, 1,842 were employed as
professional engineers, and 685 were employed as technical managers.

The age distribution of this workforce was skewed toward older
workers, with about half (46 percent) being older than 45 years of age.
See Figure S.1 for more detail.

According to the survey, industry recruited this workforce in a
variety of ways. Inexperienced technical labour tended to come predom-
inantly from universities. Experienced technical workers came from a
far greater variety of sources, including the aerospace, civil nuclear, and
oil and gas industries. In addition, the maritime industry turned to
former military professionals to fill certain experienced roles.

In the survey, the firms indicated that a number of specific tech-
nical skills were difficult to recruit: naval architects, electrical engi-
neers (especially power engineers), systems engineers, and mechanical
engineers. They qualified their answers, however, with the proviso that
experienced holders of these skills were difficult to recruit, rather than
that the skill was difficult to recruit per se.

The survey also asked how many years it would take technical
skilled workers to achieve their optimum level of productivity. Although
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Figure S.1
Age Profile of UK Maritime Technical Workforce
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the speed varied among different technical skills, firms reported that,
on average, it takes six to eight years for all skills to reach 90 percent of
the optimum level of productivity.

Finally, the survey revealed that industry anticipates a growing
demand for IT design and electrical engineering skills in the coming

decade.

What Is the Demand for Labour at the Aggregate Level?

We found that total labour demand for a// skills required by MOD’s
future shipbuilding programme will rise steeply until 2013, reaching
a level that will be two times the long-term average demand. Demand
created by the complex surface ship programme is dominated by CVF
in the near term, and decreases considerably in the longer term. The
submarine programme places a more constant demand at the total
labour level of analysis, though this demand varies over time. Total
demand for all zechnical skills generally mirrors demand for all skills.
However, technical skills are generally used in the earlier stages (the
design and build processes) of maritime vessel programmes. Figure S.2
shows skill demand for detailed designers and professional engineers.
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Figure S.2
Total Detailed Designer and Professional Engineer Demand, by Ship Class
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What Is the Demand for Labour at the Individual Technical Skill
Level?

After looking at labour demand at the aggregate level, we looked at
demand for the specific technical skills listed in Table S.1. In the con-
text of complex surface ships, we found that sustaining detailed designer
skills will be difficult after the design work connected with the first-of-
class FSC is completed. Figure S.3 shows this potential skill gap.

We also found that MOD’s complex warship programmes have
a continuing, variable demand for professional engineer skills. An ini-
tial peak in demand from the CVF programme will be followed by a
trough as that carrier programme winds down and as the final hulls for
the Type 45 programme are completed. The FSC then provides a con-
stant demand. Figure S.4 depicts this demand profile.

For the submarine sector, the CVF programme could be a vital
bridge, providing demand both for submarine detailed designers and
for professional engineering skills prior to the start of the Successor
new design. Without demand from the CVF programme, there would
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Figure S.3
Technical Labour Demand for Detailed Designer Electrical and Control
Skills, Complex Surface Ship Programmes

160

<——— Non-MOD

140
’>\\ :

120 ’
100

80

Workers

60

40

20

- 0 Y Y Y B
2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027

RAND MG725-5.3

Figure S.4
Technical Labour Demand for Professional Engineer Mechanical/Fluids
Skills, Complex Surface Ship Programmes
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be insufficient demand for most individual technical skills to sustain
the capabilities that MOD desires to fulfil its requirements for a deter-
rent submarine design.

What Policy Conclusions Can the UK Ministry of Defence
Draw from RAND’s Findings?

Looking at this analysis more broadly, some general trends emerge with
regard to future demand for design and engineering technical skills in
both the submarine and surface ship sectors.

» The MOD baseline programme will need some modification to help
sustain the technical skills that support key industrial capabilities.
The nature of the modification and its implementation require fur-
ther investigation. In the complex warship and submarine sectors,
there are periods of low activity (such as a lack of work for detailed
designers post—FSC design) which will not sustain those technical
skills. Some technical skills may require programme additions or
targeted initiatives if they are to be sustained.

* Qverall, there is sufficient demand from the submarine programmes
to sustain design and build technical skills until 2027, although
beyond this, the situation is less clear. There are no gaps in technical
labour demand from design/build submarine programmes for the
next 15 years. The difficulty in this period will be to manage the
increases in skills needed to deliver the Successor and MUFC pro-
grammes. The relationship between the end of these programmes
and the start of any future submarine programmes will affect the
demand that will sustain these skills. The CVF programme serves
a valuable “bridging” function by providing additional workload
to technical skills at the submarine shipyard. In the support sector,
the demand on technical skills is much more variable.

o The complex surface ship sector is more fragile than is the subma-
rine base with regard to design/build skills. Demand for detailed
designer skills varies greatly in the near term and, following the
FSC first-of-class design work around 2012-2016, there is little
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future activity to sustain these skills until the start of a (postu-
lated) Type 45 replacement programme. Should MOD decide to
change the maritime surface programme and trigger, for example,
reductions in new hull numbers, gaps in demand for professional
engineer skills will develop quickly and may make them difficult
to sustain. However, when one examines the support programme,
the demand for technical skills in the complex surface ship sector
is much more steady.

A specific maritime programme demand sustains detailed designer
and professional engineer technical skills in different ways. Detailed
designers are in most demand during the design process of first-
of-class ships or submarines. Professional engineers are involved
more equally across the design and build processes, but demand
varies for any given hull and between successive hulls. Both sets
of skills work together during the design process, and demand for
one invariably affects the other.

» Examining MOD labour demand requirements at different levels
of aggregation highlights different trends and challenges. By look-
ing at labour demand at a variety of levels (total labour, techni-
cal labour, detailed design/professional engineer, and individual
skills), different trends are revealed. This ability is important, as it
allows those making decisions about the future shipbuilding pro-
gramme to better understand how they might affect the maritime
industry.

 There is a need to review technical labour demand requirements as
programme assumptions change. Any changes to MOD’s ship or
submarine programme assumptions will affect technical labour
demand. Sometimes, changes that may be made to solve one
problem may exacerbate another. The model that RAND has
developed allows MOD to investigate and understand the indus-
trial consequences of changes to the maritime programme and
so aid longer-term planning; it should be used when programme
assumptions change.

* Recruiting certain technical skill sets will be challenging for industry.
Our industry interviews and survey highlighted the challenges of
recruiting technical staff of the appropriate skill type and expe-
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rience. Specifically, respondents highlighted difficulties finding
and recruiting experienced professional engineers who are naval
architects, electrical (power) engineers, systems engineers, and
mechanical engineers.

 As processes develop and technologies mature, the required mix of
technical skills will change. The technical skills needed today
may not be required in the future. In our interviews and survey
responses, industry anticipates increasing requirements for IT
skills and electrical engineers. Working practices are also forecast
to change, leading to, for example, greater remote working and a
need for wider language skills. Again, MOD may wish to engage
with industry to stay attuned to these trends so that its industrial
strategy can sustain the skills that will be needed in the future.
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CHAPTER ONE
Introduction

The UK Ministry of Defence (MOD) is in the midst of a significant
programme to renew and update its naval fleet. In addition to continu-
ing its Astute submarine and Type 45 destroyer programmes, MOD
anticipates placing other warship orders. As of this writing, these are
the future aircraft carrier (known as CVF),! the Future Surface Com-
batant (FSC) frigate replacement, and the Successor nuclear deterrent
replacement submarine. In addition, MOD expects to invite tenders
for other classes of ships, including several new types of support ship.
This period of heightened activity is unusual, given trends in
recent years and expectations of future ones. UK shipbuilding, both
of commercial and military vessels, has been decreasing for years.2 The
number of surface combatants delivered each year to the Royal Navy
has declined steadily, and demand on shipbuilding will diminish even
further after the pending flurry of design and production. The inter-
vals between production of new classes of vessels have also increased.
Where, for example, there once was a gap of only eight years between
first-of-class project acceptance dates of the Valiant and Churchill class
and the Swiftsure class, in more recent times, there has been a 16-year
gap between the Vanguard and Astute classes. All these trends raise

' In July 2007, MOD made a commitment to place orders for two CVFs.

2 John Birkler, Denis Rushworth, James Chiesa, Hans Pung, Mark V. Arena, and John
E. Schank, Difference Between Military and Commercial Shipbuilding: Implications for the
United Kingdom'’s Ministry of Defence, Santa Monica, Calif.: RAND Corporation, MG-236-
MOD, 2005.
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several questions about retaining capability and supporting necessary
skills in the maritime industry.

This research, sponsored by MOD, explores which maritime
industrial skills could be considered critical to the key industrial capa-
bilities described in the Maritime Industrial Strategy (MIS) and pro-
vides MOD with tools to investigate what might be done to maintain
them.

Current Issues in UK Shipbuilding and the Maritime
Industrial Strategy

The UK’s decision to renew and upgrade its naval fleet will lead to vary-
ing demands on shipyard resources in coming years. These challenges
are not unique to maritime procurement but reflect a trend that affects
other parts of defence procurement. Overall, MOD has an ambitious
procurement programme that has the potential to affect the future of
industries in many sectors.

Defence Industrial Strategy

To address these industrial issues, in December 2005, MOD published
its Defence Industrial Strategy (DIS), which was a follow-on to its
Defence Industrial Policy of 2002.3 We present extracts from the DIS
here, together with relevant discussion, to aid understanding and refine
the background of this project.

The aim of the DIS is to “promote a sustainable industrial base,
that retains in the UK those industrial capabilities needed to ensure
national security.”™ It describes which industrial capabilities are thought
of as “sovereign” and so need to be kept within the UK (or “onshore”)
for every sector of industrial activity that contributes to defence. The

3 UK Ministry of Defence (2005) and UK Ministry of Defence, Defence Industrial Policy,
Ministry of Defence Policy Paper No. 5, October 2002, respectively.

4 UK Ministry of Defence (2005, p. 6).
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other capabilities are described as open to international competition
(i.e., eligible for “offshore” delivery).

Maritime Industrial Strategy

The section that deals with the maritime sector is referred to as the
Maritime Industrial Strategy (MIS). It defines the maritime sector as

that element of the Industrial Base which designs, builds, supports
and disposes of all naval platforms and systems. It encompasses
ships, submarines, and their integral systems; including propul-
sion, services, combat systems and combat system elements. It
draws extensively on other sectors, such as Guided Weapons,
Aerospace and C4ISTAR (Command, Control, Communica-
tion and Computers, Intelligence, Surveillance, Target Acquisi-
tion and Reconnaissance). Maritime capability is delivered by the
effective integration of platforms and systems, and their through-
life support.®

The strategy specifies that “onshore capability is driven by two
fundamental strategic requirements: the need to support military capa-
bility throughout its life; and the ability to mount operations from
the UK base.” It identifies six strategic capabilities that need to be
retained within the United Kingdom. They are described as either to
be retained (“must be retained,” “will retain,” and “shall retain”) or

<« . . . » . . o] o
as a “high priority” to be retained. These strategic capabilities are as
follows:

* Maritime systems engineering resource: “. . . the suite of capabili-
ties required to design complex ships and submarines, from con-
cept to point of build; and the complementary skills to manage
the build, integration, assurance, test, acceptance, support and
upgrade of maritime platforms through life.”

> UK Ministry of Defence (2005, p. 68).
¢ UK Ministry of Defence (2005, p. 69).
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* Shipbuilding and integration: “. . . a minimum ability to build and
integrate complex ships in the UK. ...

* Submarines: “. . . capabilities unique to submarines and their
Nuclear Steam Raising Plant (NSRP), to enable their design,
development, build, support, operation and decommissioning.”

* Maritime Combat Systems: “the ability to develop complex mar-
itime combat systems is a high priority for the UK, and their
integration into warships and submarines is an essential onshore
capability.”

* Maritime support: “. . . the ability to maintain and support the
effectiveness of the Fleet, including incremental acquisition, gen-
erating force elements at readiness, and meeting urgent opera-
tional requirements.”

* Maritime systems and technologies: “. . . research, development and
integration of specific key maritime systems and technologies.””

In other words, the strategy requires the United Kingdom to retain
the sovereign ability to design, build, and support complex warships
and submarines. The MIS carries on to explain this in more detail.

o Shipbuilding and physical integration: The “high-value capabili-
ties needed for . . . operational independence” are singled out for
special consideration. The strategy describes the “need to build
onshore to the extent that it sustains the ability to design and
integrate complex warships,” including the ability to “learn and
adjust designs whilst the first of class is being built.” It is the “high
complexity, value added aspects of ship build and platform inte-
gration that must be maintained under UK sovereignty.” Some
aspects of the basic build process need protection, as it is “not
effective to develop from scratch the most advanced, high-value
skills needed for specialist hull construction or complex assembly
tasks.” Furthermore, there is a need for fabrication work to allow
skill development of workers throughout their careers.®

7 UK Ministry of Defence (2005, p. 70).
8 UK Ministry of Defence (2005, pp. 70-71).
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* Submarines: Nuclear ownership and commitments to the United
States make it essential that the UK “retains the capability safely
to deliver, operate and maintain these platforms, without signifi-
cant reliance on unpredictable offshore expertise.” The shipbuild-
ing and integration requirements are reinforced by the specific
“deep scientific and technical advice” and “specialist techniques,
for example particular welding and fabrication processes,” needed
in the nuclear submarine industry.’

* Maritime support: This describes the related activities of opera-
tional support and refitting. The former demands a level of capac-
ity and capability determined by the need to prepare warships,
submarines, and auxiliary vessels for sometimes unexpected oper-
ations. Such support often involves the provision, installation, and
integration of equipment that is highly classified. The strategy
identifies as “key discriminators for provision of Operation Sup-
port” the “maintenance of national security and assured access
to meet operational planning assumptions.” Such activity would
need to be undertaken onshore in almost all circumstances. The
capability to refit complex warships onshore is needed because
“[tJhe infrastructure to conduct refits is extensive and not readily
regenerated once lost” and it “becomes essential when security
needs safeguarding . . . or control of the programme is strategically
necessary” or during recovery from operations when “embarked
ammunition is often involved.” Further, “[t]he requirement to
refit the submarine flotilla onshore is absolute.”’

Key Industrial Capabilities Outlined in the Maritime Industrial
Strategy

The key industrial capabilities that support the required and high-
priority activities are identified against the relative onshore capacity
requirement as shown in Figure 1.1, which we have reproduced from

the DIS.

9 UK Ministry of Defence (2005, p. 71).
10 UK Ministry of Defence (2005, p. 72).
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The dark portions of Figure 1.1 represent areas in which MOD
wants to retain onshore capacity; these are described as the high-value
activities and are focussed on definition, modelling and analysis, and
design, on the one hand, and test and acceptance and support on the
other. The light portions represent areas in which MOD believes that
there is potential for offshore participation in future shipbuilding pro-
grammes, which are centred on the nontechnical capabilities, such
as assembly and outfitting. Of note, the skill requirements surround-
ing the dark shaded areas tend to reside within higher-value techni-
cal skills, such as design and engineering, although certain production
skills (particularly in the support domain) also fall within these areas.

Figure 1.1
MOD Estimate of Skills Required Onshore to Define, Design, Produce, and
Support Military Vessels

[ Mostly conducted onshore
I wider competition for potential offshore development

Required definition, modelling and analysis
Concept design
Architecture/system-of-systems design
System design

Detailed design

Design for manufacture

Production management

Block assembly

Block integration

Outfitting

Systems integration

Complex/strategically
important war vessels
Less complex war vessels/
complex support vessels
Low-complexity support vessels

Setting to work

Low-complexity minor war vessels

Test and acceptance

In-service support

L
>

Relative onshore capacity requirement

SOURCE: UK Ministry of Defence (2005, p. 69, Figure B2[ii]).

RAND MG725-1.1
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Core Workload Outlined in the Maritime Industrial Strategy

The MIS recognises that MOD demand is needed to sustain the key
capabilities. It states that “[tJhere will be a minimum level of activ-
ity, or Core Work Load, necessary to sustain the key capabilities.”"!
This minimum level of demand will not only sustain the identified key
capabilities, but also provide value for money to MOD, be attractive to
industry and be commercially viable. The strategy goes on to say,

The Core Work Load will contain all the activity unique to sub-
marines. For surface ships it is possible that only a proportion of
the total programme in any given period may be required to sus-
tain key capabilities. This core is likely to be centred on, though
not necessarily restricted to, an onshore build capability for large
complex warships.!? This activity will provide the necessary expe-
rience for the management of build, integration and testing across
the wider maritime programme. The Core Work Load will include
support activities to prepare and deploy UK forces.!3

The MIS addresses sustainability of the design capabilities by
linking those for new build and in-service support: “By combining the
new build and support design activities in a rationalised manner, a
more sustainable capability is possible.”4

In detail, and to summarise the MIS in terms that are relevant to
this project, after the high level of demand from the CVF programme,
the core workload requirements comprise

* the design and build of the alternating Destroyer and Frigate sur-
face ship programmes (currently Type 45, then FSC, and then the
Type 45 follow-on)"

11 UK Ministry of Defence (2005, p. 75).

12 The implication here is that “onshore build” will require onshore design. This is the inten-
tion described elsewhere in the strategy, as we have shown earlier in this chapter.

13 UK Ministry of Defence (2005, p. 75).
14 UK Ministry of Defence (2005, p. 76).

15 There is no current MOD programme for a follow-on to the Type 45 destroyer. We postu-
late that there will be such a programme, similar to that of the Maritime Underwater Future
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* the design and build of the alternating Attack and Deterrent sub-
marine programmes (currently Astute; then the replacement for
the Vanguard class, which is known as Successor; and then the
Astute’s replacement, the MUFC)

* the support of these war vessels and others in the Royal Navy and
Royal Fleet Auxiliary (RFA)

* additional activity, yet to be determined or agreed on, that will
sustain the key industrial capabilities when the above demands do
not.

Skills Needed to Accomplish the Maritime Industrial Strategy

For MOD to sustain its key industrial capabilities and define an appro-
priate core workload, it needs to understand the individual skill require-
ments which underpin these. Once MOD understands what skills are
important, how they contribute to its future maritime programme, and
how the future programme sustains these skills, it will be able to fulfill
many of its requirements under the DIS. As mentioned earlier, many
of the skills required by the MIS appear to be technical in nature, as
the strategy places greater emphasis on the up-front design and engi-
neering of complex warships and submarines, the testing and com-
missioning of new ships, and supporting these vessels through life. In
discussions with MOD and industry representatives, we were told that
these technical skills formed the basis of the key skills required to fulfil
the requirements of the MIS; this is described in greater detail later.
Thus, in this monograph, we look more broadly at technical skills in
the maritime industry (particularly within the design/build and repair
shipyards) to inform MOD about the interrelationships between these
skills and the future MOD shipbuilding programme.'¢

Capability (MUFC), which continues submarine demand, otherwise the FSC programme
will be the last MOD surface ship demand (which is unlikely).

16 We explain later in this monograph that we excluded support/repair/upgrade activities
from the demand analysis due to poor input data (both in terms of availability and quality).
We present in Appendix A some analyses on how the support data we collected may be added
to the wider analysis.
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Organisation of This Monograph

The issues outlined in this chapter are addressed in separate chapters.
Chapter Two is devoted to a description of the analytical and mod-
elling methodologies that we employed. Chapter Three defines the
technical skills that we addressed in this study and provides insight
into their selection. Chapter Four reviews the qualitative and quanti-
tative survey of industry that we conducted regarding the use of these
key skills. Chapter Five examines different levels of aggregate demand
for labour requirements generated by the current MOD warship pro-
gramme, while Chapter Six examines the demand for individual tech-
nical skills generated by the complex surface warship and submarine
components of the programme, respectively. Chapter Seven provides
our conclusions, while Chapter Eight discusses possible future research
in this area.

This monograph also includes several appendices. Appendix A
explores an alternative strategy to incorporate support and repair/refit
labour into our modelling calculations; this is important, as support
activities are a key part of the MIS. Appendix B explores work done
to identify and understand key technical skills which are so specific
that they are difficult to model quantitatively. Appendix C describes
the shipbuilding labour modelling tool that we used. Appendix D
describes the demand for individual technical skills created by MOD’s
baseline shipbuilding programme. Finally, Appendix E reproduces the
survey that we sent to contacts in the UK shipbuilding industry.






CHAPTER TWO

Project Methodology and Data Sources

The aim of this project is to provide MOD with the ability to under-
stand better how the demand of its maritime programme affects the
technical skills in the sovereign industrial base. To deliver this research
in the time available, we set out to address the following issues:

* Identify and define the technical industrial skills that support the
key industrial capabilities that meet the design, build, and sup-
port requirements outlined in the MIS.

* Understand how these skills are currently represented in the UK’s
maritime industry.

* Model how these skills are used to meet the demands of MOD’s
ship and submarine programmes.

Analytical Methodology

To do this, we pursued parallel qualitative and quantitative paths,
depicted in Figure 2.1. Our qualitative efforts involved reviewing rel-
evant research done by RAND and others, interviewing key indus-
try personnel to obtain information about their technical workforce,
and conducting a qualitative survey of industry. These efforts helped
us to identify the key technical skills and understand their contributions
to the MIS. Our quantitative efforts entailed creating and conducting
a quantitative survey of industry to seek data on their estimates of the
technical workforces that they would require in the future and using

1"
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Figure 2.1
RAND’s Qualitative and Quantitative Analytical Process
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these data to estimate demand for the future MOD shipbuilding pro-
gramme under a variety of conditions. These efforts allowed us to
numerically understand their importance to the future maritime pro-
gramme. As shown in Figure 2.1, our survey effort spanned both quali-
tative and quantitative paths. We combined the results of these analyti-
cal efforts into our analysis.

We reviewed work performed by RAND and others on maritime
industrial issues in the UK and the United States. In the first instance,
the catalyst for this project was the earlier work 7he United Kingdom’s
Naval Shipbuilding Industrial Base: The Next Fifteen Years.! Our proj-
ect specifically drew on this work, as we report elsewhere, as the base-
line for approaching the challenge of identifying the technical skills
in the UK’s maritime industry. We drew on other RAND work, too,
to aid our understanding of the UK industry, to refine a list of the

1 Arena et al. (2005).
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potential technical skills needed to support the industrial capabilities,
and to validate our new data as we received and analysed it. With regard
to our modelling output, we wanted to either ensure continuity with
any previously identified trends or isolate and explain any exceptions.

In a linked path, we interviewed experts from a cross-section of
the UK maritime industrial base to aid in our understanding of the
skills needed to support the key industrial capabilities described in the
MIS. This is discussed in Chapter Three. We used these interviews to
explain this project and to gain insight into the skills used to design,
build, and support the maritime fleet. We also needed to gain inter-
viewees’ support and agreement to supply the large amount of data
required for the quantitative portions of our research.

To gather data, we constructed a survey instrument, circulated it
to potential recipients for comment, and then formally submitted the
survey to them for completion. The survey, discussed in Chapter Four
and reproduced in Appendix E, was extensive and required qualitative
and quantitative data from each company about its workforce and its
views of the industry. We qualitatively analysed these data, which we
present elsewhere in this monograph, and used much of the survey’s
quantitative data in our modelling path.

Our labour demand model has been used in many projects and
was particularly important for our first analysis of the UK shipbuilding
industry. For this monograph, we needed to modify the model to allow
us to incorporate the identified technical skills. We also made changes
to tailor the user interface and outputs to MOD requirements. Appen-
dix C describes the model in greater detail.

The output of the model is quantitative, and we show some of it
in Chapters Five and Six. Here, too, we have provided a qualitative dis-
cussion of this output to show how MOD can now understand better
the relationship between its ship and submarine programme demand
and the technical workforce in the maritime industry.
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Data Sources

Qualitative Data Sources
We relied on several sources for our qualitative evaluations. These
included companies involved in warship design, production, and sup-
port: Babcock Engineering Services, BAE Systems Submarine Solu-
tions, BAE Systems Surface Fleet Solutions, BMT Defence Services
Ltd., Devonport Management Ltd., Fleet Support Limited, QinetiQ,
Rolls-Royce, Thales UK, and VT Shipbuilding.

In addition, we interviewed key MOD personnel to gain insight
into the future MOD shipbuilding programme.

Quantitative Data Sources

Our quantitative data came from a variety of sources. To populate our
labour projection model, we relied on industry sources, including some of
the companies listed above. We verified and supplemented these sources
with existing RAND data.? We obtained production demand data from
MOQOD as a result of an earlier, separate modelling activity. Design and
production time frames were largely provided by MOD sources and all
other collected data were verified with the appropriate platform inte-
grated project teams (IPTs). Similarly, numbers of each ship class and
acquisition strategies were also provided by MOD. Table 2.1 shows the
sources of the data that we used in the labour projection model.

Table 2.1
Data Sources for Labour Projection Model

Type of Data MOD Industry RAND
Specific skill profiles X X X
Ship class numbers X xa

Hull design/build time frame X xa

2 Export ships only.

2 There were also instances in which we had to modify profiles to fit MOD’s schedules. This
happened when industry assumed build periods that were slightly different from those of the
MOD programme.



CHAPTER THREE

Identifying and Defining Key Skills

This chapter describes the key technical skills that we identified as
appropriate to survey and model to answer the research questions. Here,
we outline our research approach and look at relevant recent RAND
work that has addressed maritime industrial skills and provided an ini-
tial platform to discuss these skills. We begin with a description of the
industrial processes that bring a ship or submarine to life and maintain
it: the design process, the build process, and the support process that
keeps a vessel in service.! Then, we show our breakdown of the tech-
nical skills that industry uses in these processes. Finally, we relate the
industry processes and the technical skills to the key industrial capa-
bilities outlined in the MIS.

Approach and Initial Skill Definition

We used a series of iterative, qualitative steps to identify the appropriate
technical skills for this project. We reviewed previous RAND work to
provide a rough-order cut of potential skills which formed our initial
list of key skills; these were largely technical in scope. We then inter-
viewed experts from MOD and the UK maritime industry to gather
fuller descriptions of ship and submarine technical activities and to
learn how they identify their needed skills and manage their technical
manpower. From these steps, we formulated a skills framework that

' We do not consider the disposal of maritime vessels.



16 Sustaining Key Skills in the UK Naval Industry

we circulated to the UK maritime industry and MOD for comment.
Based on their feedback, we refined our list of skills, adding to it where
necessary.

On the whole, the skills described in earlier RAND studies were
derived only from the design process for a vessel, particularly nuclear
submarines. In this work, we considered the design of complex war-
ships and the build and support processes for warships and submarines
to see what additional skills might be required.

We found that we were able to use a single set of skill categories
to describe the technical workforce involved in the design, build, and
support of warships and submarines in the UK.2

This set of skill categories builds on previous RAND work, which
allowed us to initially define skills among designers and engineers in
the categories shown in Table 3.1.3 This served as our starting point for
further discussions with UK industry personnel as to the appropriate-
ness of these skill definitions across the ship design/build/support life
cycle, which we discuss later in this chapter.

Further, recent elements of previous RAND work gave us insight
into the way that some U.S. shipbuilders categorise the skills that
they use to design nuclear submarines and which highlight how the
complexity and size of any attempt to model demand on design skills
would increase quickly as greater detail is sought. Each of these indi-
vidual categories is made up of a number of subcategories—each with
a number of subskills. Figure 3.1 shows an example of this disaggrega-
tion from earlier RAND work.

2 Tt is important to stress that such a list represents a compromise among differences in the
workforces and practices, both historical and otherwise, of several maritime yards under dif-
ferent ownership. For these reasons, we do not make definitive statements about the ability to
interchange technical skills among different yards, especially among those involved in build
and design and those involved in support. For now, we treat each skill category as a single
group across the maritime industry.

3 To link with previous RAND work centred on the U.S. maritime industry we retain the
terms designers (draughtsmen) and engineers (chartered engineers) in Table 3.1. Subsequently,
as shown in Table 3.2, we use the terms detailed designers and professional engineers to make
the distinction and avoid confusion.
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Table 3.1
Initial Aggregated Skill Categories

Group Skill Category
Designers Electrical
Mechanical

Piping/ventilation
Structural
Other
Engineers Electrical
Mechanical
Fluids
Naval architecture and structural
Combat system
Acoustics
Planning/production
Testing
Management
Engineering support

Other engineering

This hierarchy of skills in Figure 3.1 shows how a specific skill
group (at the top of the pyramid—electrical analysis, in this case)
is made up of a number of technical competencies, which, in turn,
are defined by a discrete set of technical skills (at the bottom of the
pyramid).

Refining the Technical Skill Sets

Drawing on the aggregated skill categories shown in Table 3.1, we
conducted a number of interviews with industry experts to refine and
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modify our original list to ensure that our final list accurately reflected
the key skills required by the MIS. Using these interviews, and reflect-
ing the industry design, build, and support processes within a ship’s
life cycle, we constructed the technical skill categories shown in Table
3.2.4 In it, we have aggregated technical skills and show examples of
each. Detailed designers, also called draughtsmen, are predominantly
involved in the design process, with some of those undertaking detailed
design, providing support to the build process. Professional engineers
are involved in the design and build processes, although some of these
engineers might undertake work only in one or other, and indeed
might work only in one phase of that process.> Nevertheless, we do not
make that distinction in our survey or presentation of results. Techni-
cal managers, the final group, are specialists who might manage the
technical staff, oversee the programme, and provide the link between
design and production.

It is important to note that our discussions with MOD and
industry personnel resulted in a refinement of our skill list. Most obvi-
ous is the addition of a new category, technical managers. However, we
also added a number of additional skills that industry experts felt were
key to the design, build, and support processes for the maritime pro-
gramme consistent with the MIS. Specifically, we combined the origi-
nal design categories of mechanical and piping/ventilation, refined a
number of the professional engineering category names to make them
more reflective of the UK industry,S and added additional categories
where needed (acoustics/signals/dynamics, safety/environmental, and

4 Table 3.2 shows three groups: detailed designers, professional engineers, and technical
managers. Initially, technical managers were categorised within the professional engineer
group in our industry survey. However, after further analysis and expert interviews, we
determined that it was more accurate to designate a separate class of technical skill. We
include technical managers in this table for clarity and consistency with the subsequent pre-
sentation of our data.

> 1In this study we did not investigate the degree of interchangeability amongst personnel

in any one technical skill. Such interchangeability is available only to a certain degree. While
some personnel can apply their skills to any phase, others are specialists and are tied to par-
ticular phases.

6 Such as changing “testing” to “testing, commissioning, and acceptance.”
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propulsion). These changes ensured that our skill list was now reflec-

tive of those key skills required by industry to carry out its obligations
under the MIS.

Figure 3.1
Categorisation of Nuclear Design Skills

Major competency group
A collection of related competencies
essential to maintaining

capabilities in a specific area

Competency e Electrical analysis

groups total
(21 are engineering
and design)

Technical competencies
A collection of critical skills 163 * Electromagnetic analysis

that support complex Technical competencies ¢ Electrical component modelling
technical activities

¢ Electromagnetic code

Technical skills development

Ability to perform 639 e Electric motors and

specific technical Technical skills controllers

tasks ¢ Equipment acoustic
analysis

SOURCE: General Dynamics Electric Boat in John F. Schank, Mark V. Arena,

Paul DelLuca, Jessie Riposo, Kimberly Curry, Todd Weeks, and James Chiesa, Sustaining
U.S. Nuclear Submarine Design Capabilities, Santa Monica, Calif.: RAND Corporation,
MG-608-NAVY, 2007.
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Table 3.2

RAND Maritime Technical Skill Categories

Skill Category Examples of Detailed Skills

Detailed Electrical and control Electrical system component, electrical

designers analysis, electrical design, power generation
Mechanical/fluids Mechanical component; mechanical system;

mechanical design; piping design; heating,
ventilation, and air conditioning design
(HVACQ); fluid system design; hydraulic
system design

Hull/structural/ Structural engineering, structural
arrangements arrangement, structural design

Other detailed design  Engineering support, life-cycle support,
software engineering, IT support
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Table 3.2—Continued

Skill Category

Examples of Detailed Skills

Professional  Acoustics/signatures/
engineers dynamics

Combat systems and
integration

Electrical and control

Mechanical/fluids

Naval architecture/
marine

Hull/structural/
arrangements

Testing, commissioning,
and acceptance

Safety/environmental
Welding/metallurgy/
materials

Propulsion

Nuclear specific

Other engineering

Technical Planning and

managers production support
Programme
management

Signature analysis

Combat system integration, combat system
design

Electrical system component, electrical
analysis, electrical design, power generation

Mechanical component, mechanical system,
mechanical design, piping design, HVAC
design, fluid system design, hydraulic system
design

Naval architect, marine engineer, weights
analysis, standards

Structural engineering, structural
arrangement, structural design

Safety engineers, environmental engineers

Shafting and gear design, prime mover
analysis, propeller design and analysis

Shielding, design, reactor plant design,
turbine engineering

Engineering support, life-cycle support,
software engineering, IT support

Scheduling, purchasing support, component
support

Programme management, schedule and cost
control, estimating

Ship or Submarine Life Cycle

The technical skills listed in Table 3.2 are in demand across a ship’s
or submarine’s life cycle. For the purposes of this study, we defined
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life cycle as the processes through which the first of class of a new class
of ship or submarine passes: design, build (or construction or produc-
tion), and support.” Successive ships or submarines in the class that are
unchanged will benefit from lessons learned from the first of class, will
likely have reduced design and build processes, and so will place less
demand on the detailed designer and professional engineer technical

skills.

Design Process
The design process consists of four phases: concept design, preliminary
design, contract design, and detailed design.®

» Concept design: In this phase, concepts are explored against a
backdrop of a continuing evaluation of future missions, future
threats, and future technologies.

* Preliminary design: During this phase, the preferred concept is
matured. Subsystem configurations and alternatives are exam-
ined and analysed for their military effectiveness, affordability,
and ease of production.

e Contract design: This phase consists of the transformation of the
top-level requirements into contracts for the detailed design and
construction of the vessel.

* Detailed design: 'This phase is normally performed by the ship-
builder, since it transforms the contract drawings and ship speci-
fications into the documents necessary to construct, outfit, and
test the vessel.

7 See, for example, Thomas Lamb, ed., Ship Design and Construction, 2 vols., Jersey City,
N.J.: Society of Naval Architects and Marine Engineers, 2003.

8 These phases and descriptions are taken from Schank, Riposo, et al. (2005). Lamb (2003)
uses functional design instead of detailed design and suggests that contract design and func-
tional design could be called the system design phase. UK Defence Procurement Agency, War-
ship Engineering Management Guide, draft C, MAP 01-020, August 2005, describes the
design process in more detail: option identification, design survey, design development and
assessment, system design, contract design, and production design. In this monograph, in
part for simplicity, we stick to the RAND structure and acknowledge that others are in use.
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Build Process

The build process consists of planning, construction, and acceptance.’
Recent advances in computer-aided design (CAD) and reviews of tra-
ditional procedures have led to integrated design and build processes.!°
As with the design process, we describe the traditional approach here.

* Planning: This phase is conducted by the shipbuilder and will
overlap with all the latter design phases to provide necessary
information to them.

e Construction: Construction involves the greatest number of non-
technical workers, although they are increasingly expected to be
multiskilled. Designers monitor construction to ensure that the
vessel is built according to the plan, or where it is not, and devia-
tions are reassessed for incorporation in the design or concessions
are agreed to.

* Acceptance: Shipbuilders have their own quality-assurance systems
that are built around the use of test forms, initial inspections, and
final inspections."

Support Process

The support process maintains the ship in service. The maintenance
may be routine or occasional, major or minor, and any combination
of these. Vessels may suffer accidents at sea that require unplanned,
major rectification, for example, or routine minor maintenance may
be planned for whenever the vessel is in port. Planned major mainte-
nance periods will draw on the technical skills involved in the design
and build of a vessel, particularly when MOD requires the introduc-
tion of new systems or extensive structural changes. Even in these cir-
cumstances, though, the technical skills will be exercised to a different

9 Again, there are variations in describing this process, with, for example, acceptance sepa-
rated from production.

10 For example, see Schank, Arena, et al. (2007), for a description of how the Virginia-class
design and build process has evolved from the traditional approach.

11 We include this phase within the build process to capture the role of the shipyard in
inspecting, testing, and commissioning all aspects of the ship.
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extent and in different ways. For example, designing changes to an
existing structure, where the detail is already established, is different
from producing that detail on a blank screen or piece of paper.

Use of Technical Skills Across Vessel Life Cycles

Demand for detailed designers, professional engineers, and technical
managers occurs throughout the design, build, and support processes.
As depicted in the notional graphic display in Figure 3.2, the involve-
ment of these designers, engineers, and managers varies over the design

Figure 3.2

Design and Build Demand for Technical Skills, Notional First-of-Class
Complex War Vessel

+ »
Design Process Overlap Build Process
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e Detailed design LT Outfitting
] engineers ) )
x Design for System integration
o
2 manufacture Setting to work
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NOTE: Italics = MIS key industrial capabilities.
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and build life cycle of a vessel. The leftmost portion of a figure repre-
sents the start of work by the shipyard on the design of a vessel, perhaps
very early concept design or assisting MOD in refining the require-
ments. The limited technical management activity at this stage pro-
vides oversight of the programme and planning for later work. Design
effort peaks toward the centre of the curve at about the same time that
construction starts. At that point, the detailed designer effort focusses
on the detailed design phase and support to the early phases of build,
continuing to refine the detailed design as construction continues. Pro-
fessional engineers continue to support the design effort and provide
support to the planning and construction phases. Technical manag-
ers support production and are the link between the “paper” design
and the employment of the production workforce. As the vessel nears
completion, moving toward the right in the figure, design work com-
pletes and the involvement of detailed designers and technical manag-
ers diminishes. Professional engineers continue to provide support to
construction and are now involved in the acceptance phase. The vessel
is delivered at the point shown in the rightmost part of the figure.

We have superimposed a dividing area between the design process
and the build process. Additionally, we have placed in the appropri-
ate section MOD’s key industrial capabilities, which we reproduced
in Figure 1.1 in Chapter One; we have associated these capabilities
with the relevant design and build processes. Cumulatively, this figure
shows the technical skill profiles and their nominal relationships to the

industrial design and build processes and the key industrial capabilities
of the MIS.

12 \We show here a simplified and modified output from our model of a first-of-class complex
war vessel.



CHAPTER FOUR

How Technical Skills Are Represented in the UK
Maritime Industry

This chapter presents the results of an extensive survey designed by
RAND and sent to key UK maritime industrial firms for completion.
The goal of the survey was to gather data from each firm on its cur-
rent workforce profile, to gain insights into the firms’ experience in the
demand for and availability of specific technical skills, and to collect
information on the performance characteristics of these skills once in
employment.

This chapter begins by detailing the research methodology
employed in devising the survey. This is followed by a discussion of the
survey data and presentation of the most salient observations from the
industry responses. The chapter concludes with a summary of the main
observations arising from the survey responses.

Research Methodology

We based the design of our industry survey on the technical skills that
were identified in Chapter Three.! Additionally, we wanted to gain a

1 As described in Chapter Three, the study team identified a number of skill categories to

represent the major technical activities undertaken by the UK naval shipbuilding industry.
The resulting top-level technical skill list, as based on a number of subskills, formed the basis
upon which many of the quantitative survey questions were designed. The qualitative survey
questions sought to tease out more general observations surrounding the issues of assembling
and maintaining a technically skilled workforce.

25
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more qualitative understanding of the human-resource issues involved
in developing and maintaining a skilled technical workforce. We then
consulted firms in the UK maritime industry to ensure that the survey
was appropriately attuned to their conception of maritime labour and
sent them a preliminary list of questions for initial comment. We also
conducted preliminary visits to firms to discuss the selection of techni-
cal skills and to clarify ambiguities surrounding the kinds of data and
the level of detail required. Following these discussions, we modified
the survey as appropriate.

Consequently, the survey asked a mix of quantitative and quali-
tative questions about each firm’s technical skills and workforce and
requested future workload demand estimates by technical skill cate-
gory. A copy of the survey is included in Appendix E.

Who We Asked
We sent the survey to seven UK firms that primarily work in ship
design, production, and support:

* Babcock Engineering Services

* Babcock Naval Systems?

* BAE Systems Submarine Solutions

* BAE Systems Surface Fleet Solutions
e Devonport Management Ltd.

* VT Shipbuilding

* Fleet Support Limited.

We also sent the survey to four key UK maritime suppliers:

BMT Defence Services Ltd.
QinetiQ

Rolls-Royce

Thales UK.

2 Babcock Naval Systems did not provide a complete survey response but did review the
findings of our work.
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We recognise that these four firms perform critical roles in the
supply of specific maritime systems, but they do not represent an
exhaustive list of all key UK maritime suppliers. We have therefore
treated their responses as indicative, but not representative, of the key
supplier sector of the UK maritime industry. Their qualitative com-
ments appear in the subsequent analysis for this purpose.

Survey Results

The following sections present the key findings from the survey answers
that we received. This analysis is based on the quantitative data and the
qualitative comments of key industry respondents.?

Current Technical Skill Breakdown

Our survey asked industry to report how many detailed designers and
professional engineers they employ on UK naval programmes. Table 4.1
shows the total size of those workforce segments employed in design/

build and support yards.*

3 Where possible, we have aggregated the data we received in the survey responses into
the primary categories of tasks that each firm performs. We have termed these ship design
or build and ship support. The former category includes maritime yards that are primarily
involved in the design and build of submarines and surface ships. The latter category includes
maritime yards that are primarily involved in overall support activities. While we recognise
that the tasks performed by each respondent are not entirely limited to one of the sectors of
activity described, and that a degree of design, production, and support activities may all
take place at a single site, we have chosen to cluster responses for two reasons. First, it affords
us the opportunity to present the survey data in a meaningful way by profiling the industrial
workforce through a task-driven categorisation. Second, by clustering the survey data, we
will subsume the identity of individual respondents and respect their desire to protect com-
mercially sensitive information.

4 The data shown in this section and used subsequently in the modelling do not include
figures from the key suppliers that we surveyed; we omitted the key supplier data because
it did not fully represent the suppliers across the maritime sector and could be misinter-
preted. These supplier firms have other technical skills (e.g., scientists, system designers) that
also contribute to the UK maritime programme. The data also do not include many of the
detailed designers who are subcontracted from other firms to assist the maritime industry in
their detailed design work.
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Table 4.1
Number of Detailed Designers and Professional Engineers Employed in UK
Complex Design/Build and Support Yards, 2007

Design/ Support Grand

Skill Category Build Total Total Total
Detailed Electrical and control 96 114 210
designers
Mechanical/fluids 140 126 266
Hull/structural/arrangements 189 129 318
Other detailed design 32 172 204
Subtotal 457 541 998
Professional Acoustics/signatures/dynamics 25 7 32
engineers
Combat systems and 235 28 263
integration
Electrical and control 60 39 99
Mechanical/fluids 89 85 174
Naval architecture/marine 59 31 90
Hull/structural/arrangements 47 47 94
Testing, commissioning, and 258 141 399
acceptance
Safety/environmental 33 11 74
Welding/metallurgy/materials 19 7 26
Propulsion 5 26 31
Nuclear specific (e.g., shielding) 53 204 257
Other engineering 159 144 303
Subtotal 1,042 800 1,842
Technical Planning and production 331 23 354
managers support
Programme management 226 105 331
Subtotal 557 128 685
Total, by 2,056 1,469 3,525

respondent
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Table 4.1 shows that 3,525 personnel worked in technical fields
within the maritime industrial base in 2007. Detailed design technical
skills tend to be based within submarine yards and support yards, while
the professional engineer base is more evenly spread across the industry.
The testing, commissioning, and acceptance skill set has the largest
number of personnel, employing 399 individuals. The firms surveyed
employed fewer than 50 individuals in a number of skills (welding/
metallurgy/materials, acoustics/signatures/dynamics, and propulsion).
A number of other skills have fewer than 100 personnel across the
industry (safety/environmental, hull/structural/arrangements, naval
architecture/marine, and electrical and control).

Technical Skill Age Profiles

We also surveyed the age spread of the UK maritime workforce. Figure
4.1 shows the overall age profile of the technical skills included in the
survey. The figure illustrates that the overall technical workforce skews
toward older workers, with about half (46 percent) being older than 45
years of age. This is more or less true within the age profiles for spe-
cific technical skills, although some stand out as having age profiles
that are particularly skewed toward older ages. These include the engi-
neering skills of combat systems and integration (64 percent over 45
years old); acoustics/signature/dynamics (58 percent over 45); testing,
commissioning, and acceptance (56 percent over 45); and programme
management (52 percent over 45).

Conversely, some technical skills stand out as having age profiles
particularly skewed toward younger ages. These include the engineer-
ing skills of naval architecture/marine engineers (75 percent under 45),
hull/structural/arrangements (67 percent under 45), mechanical engi-
neers (64 percent under 45), and electrical and control designers (62
percent under 45).5

We break down this age demographic further into detailed design-
ers and professional engineers, as depicted in Figures 4.2 and 4.3.

5 A possible reason for this younger age distribution, as indicated in our conversations with
industry, is that many younger engineers will first train in their general skill prior to moving
onto a more specialised area.
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Figure 4.1
Age Profile for UK Naval Technical Workforce
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Figures 4.2 and 4.3 show that the age profile of professional engi-
neers slightly diverges from that of detailed designers, with the former
having an older distribution than the latter. A greater percentage of
professional engineers (47 percent) were over 45 than was the case with
detailed designers (40 percent). The largest single demographic group
for professional engineers was 46—50 years, while for detailed design-
ers, the largest cohort was younger (41-45 years). However, the clear
majority of workers were over 35 years of age—75 percent in both
cases.

Recent Hiring/Leaving Trends

In addition, we asked industry to identify the technical skills that had
dominated their hiring over the past five years, as well as those skills
that represented the greatest number of voluntary departures during
the same period. Table 4.2 shows, in rank order, the results.
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Figure 4.2
Age Profile for Professional Engineers
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The first observation is that the top five in rank order in both cat-
egories are professional engineering and technical management skills.
The data show that naval architects/marine engineers; programme man-
agers; and testing, commissioning, and acceptance engineers tended
to have higher turnover than do those with other maritime technical
skills: All three ranked highly in both hiring and voluntary depar-
tures. The emergence of the requirement for nuclear-specific skills is
likely linked to the design and build requirements for the Astuze-class
submarines.

Technical Skill Sourcing and Availability

The sources from which UK maritime firms seek to recruit technical
skills vary according to whether the firms need experienced or inexperi-
enced labour. One industry respondent commented that their balance
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Figure 4.3
Age Profile for Detailed Designers
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Table 4.2
Top Five Maritime Technical Skills by Hiring and Voluntary
Departure, 2002-2006

Top 5 Skills Hired Top 5 Voluntary Departures
Nuclear specific (e.g., shielding) Programme management
Hull/structural/arrangements Naval architecture/marine
(engineer)

Naval architecture/marine Planning and production support
Testing, commissioning, Testing, commissioning,

and acceptance and acceptance

Programme management Mechanical/fluids (engineer)
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of recruitment was 40 percent inexperienced and 60 percent experi-
enced workers, although this will vary by firm.

Regarding sources of recruitment for hiring workers new to the
industry, there was unanimity from the different industry respondents.
All focus on university graduates, and some do so through dedicated
graduate-recruitment schemes that are operated in partnership with
certain universities. Some universities are targeted for their subject-
specific reputations in science, engineering or the maritime industry.
Included in the list of institutions mentioned were Birmingham, Glas-
gow/Strathclyde, Imperial College London, Newcastle, Portsmouth,
Southampton, and University College London. Others, such as the
University of Bath, were specified for their locality. An industry respon-
dent estimated that 85 percent of inexperienced hires entered the firm
through a graduate training scheme. The remaining 15 percent were
said to be recruited as apprentices from schools and colleges, subse-
quently receiving specialist trade training from their employer.

To recruit experienced technical workers, firms turn to former
MOD, Royal Navy, and other armed forces personnel, especially for
roles that relate to combat systems and other warship-specific areas.
However, recruiting experienced labour from within the naval and
broader maritime industry was highlighted as an option made increas-
ingly difficult by the finite number of individuals in this field. Several
respondents talked about the “poaching” of skilled labour that occurs
among the major UK yards. Some of the larger firms reported that
they have tried to overcome this by boosting internal recruitment and
by looking to other areas of the wider company that may house com-
parable skills.

Given shortages within the industry, the most common recruit-
ment source cited for experienced labour was from industries outside
the maritime sector that foster comparable or applicable skills. The
sheer variety of industries that were cited by respondents made it clear
that this has come to encompass an increasingly wide variety of rel-
evant industries. Examples of the most commonly cited industries
included aerospace, automotive, blue-chip companies (for manage-
rial roles), construction, heavy mining, large engineering companies,
nuclear, oil and gas, and petrochemicals. Some respondents described
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limiting their search to industries in which the basic skill set can be
readily adapted to the maritime defence market, although the variety
of industries cited indicate that this is interpreted increasingly broadly.
Other respondents specified that the recruitment source was very much
dependent upon the particular skill set that was being sourced. Con-
sequently, the use of headhunters or specialist recruitment agencies
has become an increasingly common mechanism for facilitating this
recruitment of experienced skilled labour.

To place the recruitment sources of experienced labour into con-
text, one key industry respondent provided the following details: 40
percent of the firm’s workers were from hired from competitors within
the defence sector; 40 percent were hired from comparable industries
outside the sector, and 20 percent were former MOD or Royal Navy
professionals.

When asked to identify any existing untapped sources for potential
recruitment, the respondents unanimously highlighted foreign labour,
particularly given the difficulties in meeting recruitment requirements
from exclusively UK sources. The use of European sources was stated,
with some success in recruiting from Eastern Europe, including Roma-
nian and Polish nationals, but also further afield, including labour from
India. The viability of these sources is tempered by security concerns
surrounding foreign labour working on MOD naval technology, par-
ticularly nuclear technology.

A variety of specific skills were highlighted as being particu-
larly difhicult to recruit, although there was less commonality because
respondents were focussed on their particular area of the industry. For
example, yards that produce or support submarines tended to high-
light nuclear-specific skills. A large number of skills were cited once
in the survey responses as being difficult to recruit, and four technical
skills were highlighted by several respondents as being troublesome to
recruit:

* naval architects

* clectrical engineers (especially power engineers)
* systems engineers

* mechanical engineers.
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Often, answers were qualified with the specification that expe-
rienced holders of these skills were difficult to recruit, rather than the
skill being difficult to recruit per se. Most respondents tied their answers
regarding recruiting difficulties to competition with other industries
for skilled labour. This included competition with many of the indus-
tries listed earlier that are themselves being tapped for the maritime
sector’s recruitment needs.

Productivity Curve by Technical Skill

We also surveyed the number of years that it takes a newly hired worker
to become proficient enough to reach his or her optimum level of pro-
ductivity.® This is important to understand because simply employing a
worker in a specific technical skill does not intrinsically equate to pos-
sessing the associated workforce capability—experience is critical in
ensuring that the technical skill becomes a productive capability.

We have chosen to illustrate these data as a “productivity curve,”
which traces the rate at which each technical skill discipline increases
in productivity (see Figure 4.4). A steep curve indicates that opti-
mum productivity is reached comparatively quickly after commenc-
ing employment. A more gradual curve indicates that greater time in
employment is required before optimum productivity is reached.

We have chosen to group all technical skills into a single cluster
(the shaded area in the figure) to illustrate the broad pattern of increas-
ing productivity.

Figure 4.4 illustrates that, based on an average taken from the
respondents’ answers, it would take 6-8 years to reach at least 90
percent of optimum productivity. A number of skills deviate from
this general trend. In particular, acoustics/signatures/dynamics and
nuclear-specific skills stand out as those that were noticeably slower to
reach optimum productivity—these skills constituted the lower side
of the shaded area. Safety/environmental and welding/metallurgy/
materials engineers exhibited something of a lag, but this was slight in

6 Survey respondents had individual definitions of the optimum level of productivity. We
understand that this introduces a level of subjectivity but feel that the results are useful to
convey.
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Figure 4.4
Productivity Curve by Technical Skill, Build and Support
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comparison. Conversely, programme management exhibited far greater
speed to reach optimum productivity and is represented in the upper
side of the shaded area. The remaining skills are tightly clustered in the
shaded area.

We also looked at data specific to the ship build and ship support
survey responses. Within the ship build data, safety/environmental
engineers and hull/structural/arrangements designers displayed the
greatest time lag before achieving optimum productivity. Conversely,
programme managers and testing, commission, and acceptance were
the fastest to achieve optimum productivity.”

Different trends within ship support back up these data. The tech-
nical skills that took the greatest time to achieve optimum productivity
were nuclear specific and acoustics/signatures/dynamics. Noticeably,

7 Based on our conversations with industry personnel, this is possibly attributable to new
hires in these technical skills already possessing experience prior to employment.
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the three detailed designer skills (electrical and control, hull/structural/
arrangements, and mechanical/fluids) were the quickest in reaching
optimum productivity.

Mentoring New Hires

The survey inquired about the number of inexperienced people who
could be mentored by an experienced worker. This was asked to deter-
mine how industry uses its experienced workforce to train and develop
its less experienced workforce.

Regarding on-the-job training for engineers, a ratio of one to one
was commonly stated as the ideal. Some respondents stated that, to
avoid compromising their own ability to work, a professional engineer
can develop only a single inexperienced person at a time. If this ratio
is increased to include more inexperienced people, the productivity of
the mentor is likely to drop. Respondents commented that if charged
with more than two trainees, the engineer ceases to be a worker able to
manage key deliverables and outputs and starts becoming a dedicated
trainer. However, respondents commented that as trainees become
more independent, the ratio can increase to cover two or three inexpe-
rienced people without compromising the effectiveness of the trainer
to such an extent.

Regarding the mentoring of professional roles (such as manage-
ment activities), a ratio of one experienced person to three inexperi-
enced persons were described as effective. It ought to be stressed that
there was no overall consensus on the ideal ratio. Individual industry
respondents have their own conceptions of this, with some responses
stating that up to 12 staff members could be mentored. One respon-
dent commented that, typically, 20 percent of staff in a department
may be “inexperienced.”

Skill Demand Driven by Specific Programmes

The survey asked whether certain technical skills were unique to spe-
cific programmes and not utilised in other types of activities, and
whether this varied by type or class of vessel. A number of responses
stressed skills that are specific to submarine programmes. A respon-
dent provided the opinion that, although submarine designers can be
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used to work on surface ships, surface ship designers find it more dif-
ficult to work on submarines.® Those familiar with the sector posited
the following skills as requiring specialised application for working on
submarines:

* mechanical and electrical systems (due to safety, shock require-
ments, and redundancy)

* nuclear design, build, radiation, and shielding (due to parameters
and specifications very different from those of the civil engineer-
ing environment)

* weights, welding, and materials (due to differing requirements for
surface vessels)

* acoustics/signatures (a speciﬁc and major requirement for
submarines)

* combat systems (ability to integrate submarine specific sensors,
weapons, and combat management systems)

* test and commissioning (familiarity needed with the perfor-
mance requirements, safety, and trial programmes specific to
submarines)

* project management and planning (though generic sector knowl-
edge is also vital).

Key suppliers working in the submarine sector commented that
while they prefer to foster multiskilled engineers who possess transfer-
able skills, certain, specific skills are required. These include expertise
in hydrodynamics, manoeuvring and control, structures, propulsion,
acoustics, and atmosphere control. Another respondent commented
that certain submarine-specific capabilities are not easy to diversify
into other business areas. Some of these submarine- and nuclear-related
skills were also marked by several respondents for their specificity—
that is, the difficulty for technical workers outside of the submarine/
nuclear domain to work on these programmes.

8 This statement was made by an individual working outside of the submarine domain.
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Future Trends in Demand for Skills

The survey closed by asking industry respondents for their opinions on
the coming decade, how they foresee future technical activity differ-
ing from what has gone before, and whether any skills sets will become
redundant during this period while others emerge as more needed.
Demand for the following skills was seen as becoming more prevalent
in the future:

o [T systems and associated skills: A greater degree of integration
between the design process and the production process might
drive changes in skill demands. A number of survey respondents
cited greater emphasis on IT systems and associated skills. The
impact would be felt primarily through the greater use of design
software and its utilisation for modelling the design process, for
storing technical information relevant for trials and tests, and
for through-life support.

* Management and organisation: The potential need to adapt cur-
rent management and organisation processes for effective design
of through-life platforms was highlighted. This is driven by the
need to step away from the current warship design process that
tends to take each line of development independently and then
bring them together at the build phase. The need to integrate
expertise in staffing, life cycles, upgrading of systems, and other
such support tasks into the design phase will require adapting
current management practices.

e Electrical systems: There is some consensus around a likely future
emphasis on electrical rather than mechanical systems. One
respondent pointed to the changing need for electric propulsion
in warships and submarines as bringing its own demand for skills
at the potential expense of traditional skills, such as gearbox engi-
neering. In a similar vein, electrical actuation and control may
overtake demand for some hydraulic systems. The potential for
electric propulsion and electric launch systems in the new aircraft
carrier was presented by another respondent as creating greater
demand for these skills. Also, combat and mission systems are
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likely to become ever more complex, and a commensurate change
in available skills will need to match these changes in technolo-
gies and systems.

* Language skills/remote working: Although not a technical skill, if
tapping into foreign labour sources becomes an everyday reality for
the industry, the potential future need for language skills would
increase. Linked to this would be technology that will allow for
remote working, if segments of work are to be completed offshore
for later integration.

There was little consensus on skills for which demand might recede
over the coming decade. The support sector pointed out that it is likely
to be working on many of the vessels that are currently in service for
much of this period. As proficiency with IT in design increases, some
respondents foresee consequences, such as reducing the amount of time
taken to get a new design into production and, perhaps, a reduction
in requirements for traditional design skills involved in detail design
stages (creation of manufacturing drawings, CAD inputs and outputs).
Regarding engineering, automation might erode the need for the cur-
rent amount of human activity in some technical production outputs
(for example, steel cutting and burning, pipe manufacture, or more
general production).

Observations

Based on the quantitative data and qualitative information collected
through our survey, a number of observations can be formulated:

» The current workforce profile is skewed to 45 and older. Overall,
about half of the technical workforce is over 45 years of age, and
some specialist skill sets are older; however, many of the basic
technical skill demographics are much younger and will specialise
over time.

 There is difficulty in recruiting experienced skilled technical labour.
All respondents spoke of widening the recruitment net to target
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a diverse selection of unrelated industries from which to recruit
experienced labour, and that competition is reciprocated by
industries.

» Many skills require considerable time before they reach optimum pro-
ductivity. 'The majority of technical skills take a number of years
before workers are sufficiently experienced to reach levels close to
optimum productivity. This “ramping-up” period varies accord-
ing to sector and skill, with certain permutations taking consider-
ably longer than others.

A number of skills require unique application in the submarine sector.
The greatest incidence of skill demands being driven by specific
programmes is in the submarine sector. In part, this is due to
the demands of the underwater environment and the technical
challenges that submerged operation of a vessel poses. It is also
because they are the only nuclear vessels (both in terms of propul-
sion and weapon systems), which brings additional challenges.

o Some technical skills are difficult to recruit in the industry. These
include general skills, such as naval architects and systems and
mechanical engineers, as well as more specialised skills, such as
electric power engineers and nuclear-specific skills.

 There is an anticipated growing need for IT design and electrical
engineering skills in the coming decade. The respondents made these
speculations based on the current trend lines of increasing inte-
gration of design and production skills through IT and a shifting

emphasis on electrical rather than mechanical systems.






CHAPTER FIVE

Total Labour Demand by Current MOD Maritime
Shipbuilding Programmes

In this chapter, we provide results of our quantitative analysis of total
demand for labour generated by all warships and submarines in MOD’s
maritime procurement programme. We described the sources of our
data in Chapter Four. The data and assumptions that underpin our
analysis model are described in more detail in Appendix C. As dis-
cussed previously, the RAND shipbuilding model has been used suc-
cessfully to investigate demand and supply in the UK and U.S. mari-
time industries. Analysis at the highest level of aggregation, total labour
demand, provides useful information about the general state of demand
and how it might impact the supplying industry. Such techniques and
the resulting analysis were used to inform the MIS. Although the focus
of this research project is on key technical skills, we, by necessity, col-
lected the data that allow output at the total demand level. We are thus
able to update our previous work with a revised MOD programme and
refined data from the shipyards.

Assumptions

Programmes Included in Our Modelling Activity

We used a specific definition of the MOD programme to identify the
ships for input into the model. These programme assumptions were
provided by MOD and reflect current thinking according to MOD’s
2007 equipment plan (known as EP07), which is being further devel-
oped for application in the first phase of MOD’s 2008 acquisition plan-
ning round (PROS).

43
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» Type 45 destroyer: We assumed that future Type 45 destroyers
would be built in the same modular way with no significant capa-
bility upgrades in the final batch of ships. However, some addi-
tional design work to take out cost was included in our projec-
tions, in line with current activities on ships in production.

* CVF: We assumed that the CVF would be built in four modu-
lar blocks of varying size, which would then be transported to a
single location for final outfitting. We did not assume any non-UK
involvement in the production of the vessels.!

* Military Afloar Reach and Sustainability (MARS): This programme
is currently planned to encompass multiple ships of three types:
fleet tanker, fleet solid support, and joint sea-based logistics. Our
assumptions regarding the exact number and size of each type
was informed by the most current thinking within the IPT. We
assumed that a single MARS hull would be built in one location
but that multiple locations could produce hulls, leaving open the
possibility that the hulls could be produced offshore.

e FSC: Although we understand that there are multiple potential
variants of the FSC frigate, we modelled only a single mono-
hull structure that we assumed would be constructed at a single
location.

* Astute class: We assumed that all follow-on Astute attack subma-
rines would be built in a similar manner to the current hulls.
However, we did assume some design upgrade activity for each
successive hull.

* Successor: As the UK’s next-generation deterrent submarine, we
assumed that the Successor hull would have a new design but
would be of a comparable size to the current Vanguard class
and would be constructed using similar production methods as
the Astute class.

* MUFC: We assumed that the follow-on attack submarine class to
the Astute would have a new design but would be similar in size to
the current Aszute class and constructed using similar methods.

' Due to ongoing commercial negotiation, CVF programme workload assumptions were

very dynamic, and our estimates are based on data from March 2007.
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Programmes Not Included in Our Modelling Analyses

There were some MOD programmes which we did not include in
our modelling activity, although the capacity exists to add these pro-
grammes to the model at a later date once better information is known.

These include the following.

Landing-platform helicopter replacement: Although it is reasonable
to assume that HMS Ocean will go out of service within the time
frame of this study, a replacement is not currently funded, and we
have chosen to exclude it from the baseline programme.

Future mine countermeasure vebicles: Again, we know that many
of the current vessels will be scheduled for replacement within the
study time horizon, but there was no consensus regarding type,
number, or size of replacement ships.

Non-MARS RFA ships: The only RFA ships included in the base-
line programme in the model were the MARS family of ships.
Our MOD sponsors did not see the utility of including any addi-
tional RFA-type ships in the baseline programme.

Assault ship replacements: The two landing platform dock ships,
Albion and Bulwark, have recently entered the fleet, and neither
we nor our sponsors saw the need for us to include a replacement
in the model.

Type 45 replacement: Although the Type 45 destroyer will need
to be replaced eventually, we felt that the timing for its replace-
ment was beyond the time frame of our study, and any inclusion
of a speculative programme would not be useful in our analysis.
Of course, such a programme is likely, and, in keeping with the
requirements of the MIS, MOD will need to understand how
demand for FSC and this replacement affects demand on techni-

cal skills.

In addition to this basic information of which activities to include,

we had to make assumptions around the length and specific timings of
design/build activities for each hull and the utilisation of each of our
skill categories over time. We also had to assume an acquisition strat-
egy for each class of ship, including such points as the general char-
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acteristics of each ship and how it would be built (modular or single-
site, for example). Through discussions with industry, MOD, and other
stakeholders, we were able to construct a reasonable, but not definitive,
projection of the future MOD maritime programme.

Additional Assumptions and Information

Unfortunately, comprehensive data at the specific skill level we required
were not available to allow us to model refit/repair/upgrade informa-
tion (either in terms of volume or time scales of work) to the granu-
larity we desired. The support-yard personnel with whom we spoke in
the support yards did not tend to capture their future requirements
for technical work through demand projections; rather, they tended to
operate on historical precedent and recruit specific skills as the need
arose. Thus, we have not included this sector in our analysis. How-
ever, it is important to keep in mind that ship and submarine support
activities may play a role in sustaining some key maritime skills. In an
attempt to better understand the impact of these activities, we present
further analysis in Appendix A.

Another area that we have not explicitly included in our mod-
elling activity is those skills that are provided for by key equipment
and lower-tier suppliers. Again, we acknowledge that these portions
of industry also provide skills which MOD may look to sustain in the
future; however, they were outside of the scope of the study, and we
later recommend that MOD endeavour to study in the future the sus-
tainment of the skills provided by key suppliers.

One additional set of data that we included in our modelling
activity is that provided by known export orders which the UK mari-
time industry has won through competitive tender. Because we have
included only known export orders won, the model is likely to under-
state the impact of these activities in the mid- to long term.

Skill Categories

Overall, we attempted to analyse the data using 15 skill categories.
These largely aligned with the technical skill categories presented
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in Chapter Three. However, due to a lack of available data, we were
not able to quantitatively model the technical skills associated with
acoustics/signals/dynamics, safety/environmental, propulsion, and
welding/metallurgy/materials. Additionally, we added a new labour
category of production to account for blue-collar structural and out-
fitting workers and a variety of management and support activities
which fall outside of our definition of technical skills. This allowed us
to capture all of the labour present in maritime design, build, and sup-
port activities—although our analysis will be focussed on the technical
skills. Thus the labour skill level categories that we examined were

* detailed designer

— electrical and control
hull/structural/arrangements
mechanical/fluids
other (design skills that do not fit into the above)
* professional engineer

— combat systems and integration

— electrical and control

— mechanical/fluids

— naval architecture/marine engineer

— hull/structural/arrangements

— testing, commissioning, and acceptance
— nuclear specific
— other (engineering skills that do not fit into the above)
* technical manager
— planning and production support
— programme management
* production (blue-collar structural and outfitting skills, man-
agement and support skills not included in the technical skills
above).

It is also important to note that the labour estimation model proj-
ects only direct labour and does not account for overheads that will be
unique to individual shipyards, prime contractors, and design firms.
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For our purposes, we define direct labour as labour specifically charged
to a particular project.

Total Labour Demand

We examine first the highest level of output: the total direct workforce
demand. At this level, MOD would be able to understand the overall
shape of its labour demand, which, in turn, can serve as a rough proxy
to measure financial costs of the future maritime programme. Figure
5.1 shows the total direct workforce demand on the baseline MOD
programme.

In the figure, we show the cumulative effect of each of MOD’s
future programmes.? The area enclosed by any one programme reflects

Figure 5.1
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2 Remember that we have excluded support/repair/upgrade activities from the demand
analysis due to poor input data (both in terms of availability and quality). However, Appen-
dix A provides some analysis on how the limited support data we collected may be added to
the wider analysis.
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its size, though at this level of detail it is not possible to see whether
the total demand is biased toward technical workforce demand or non-
technical demand. Many large but simple ships may have an overall
demand similar to few, complex vessels. Such a case exists, for example,
when comparing the MARS and Successor programmes. The figure
shows that there is a gradual increase in overall demand, which peaks
in the 2013-2014 period before returning to a longer-term steady
demand broadly similar to the 2007 demand levels. Much of this
increase appears to be due to the emergence of two programmes—
CVF and MARS, particularly when their demands build on one other
during the peak period.

Labour Demand: Complex Surface Ships
Such a picture of overall workforce demand gives a wider perspective
of the challenges facing MOD and the maritime industry, but it is
not representative of the policy outlined by MOD in the MIS. Fur-
ther levels of detail are needed for this. Our next step is to consider
the complex surface ship and the submarine programmes individually.
We separate these programmes in this way for two reasons. First, this
is how the UK maritime industry is structured. Secondly, the MIS
articulates support for surface ships and submarines separately, too. A
further reason, which may be of equal importance but that we are able
to relate only qualitatively, is that for a variety of reasons, the work-
forces involved in surface ship and submarine programmes may not be
easily interchangeable and so should be investigated only within those
programmes.>

We look first at complex surface ship demand in Figure 5.2.
Recall that MOD defines this element of the core workload as the

3 We use interchangeable here to make the point that, as currently configured and due to
geographic constraints, the workforces of the different surface ship and submarine yards do
not tend to flow freely and generally remain associated with those yards (at this level of analy-
sis). We are not implying that the workforce of any individual shipyard can only undertake
work normally associated with that yard; for example, the submarine workforce at Barrow
has designed and built surface ships. However, we heard a strong contention from our inter-
viewees that the skills used in submarine design/build are more specific than those required
for complex surface ships and that it is more difficult, but not impossible, to move from the
latter to the former.
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Figure 5.2
Direct Workforce Demand, Complex Surface Ships
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Type 45 and FSC programmes. CVF is an additional programme
that will place an exceptional demand on the UK maritime industry.
Finally, in this figure, we show the export work reported by shipyards
as a confirmed commitment. In this analysis, MARS is not part of the
complex surface ship demand.

The impact of the CVF programme is easily seen in this figure.
Because of it, workforce requirements peak at just over 5,500 direct
workers before substantially reducing to a steady state of around 1,500.
It is also important to note that the Type 45 programme is split; the
first six hulls are completed prior to a break, while CVF is at its height,
before restarting to complete the final two hulls. The FSC programme
represents the future steady-state demand for complex surface ships.

Labour Demand: Submarines
The workforce demand from the submarine programme is different,
as can be seen in Figure 5.3. The work associated with the ongoing

4 This is the total CVF demand. MOD and industry intend to split this demand across
surface shipyards and those whose normal focus is submarine or support activity.
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Figure 5.3
Direct Workforce Demand, Submarines
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Astute programme, followed by that for the recently announced Suc-
cessor programme and the intended MUFC programme, combine to
produce a steady demand of between 2,000 and 3,000 direct workers
until 2020, when there is a gradual increase to about 4,000 workers as
Successor and MUFC demands combine.

Examining these programmes in further detail, we can see Astute
production tailing off between 2016 and 2020, as the seventh boat is
delivered; Successor design starting in the near future prior to ramp-
ing up to production, within 1015 years; and MUFC design activities
beginning around 2014 with full production, again starting around
10-15 years after that. There is a slight complication for the submarine
demand picture, however, caused by the need to split CVF work. The
submarine programme is supported by one shipyard, and it is intended
to undertake elements of the CVF programme; the effect of this is
shown in Figure 5.4.

This figure shows demand on the UK’s submarine shipyard
from MOD’s programmes. The impact of the allocated CVF work is
marginal at this level of analysis, with two peaks of activity pushing
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Figure 5.4
Direct Workforce Demand, Submarines and CVF Elements
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demand to around 3,500 workers in 2009 and 2012. CVF adds slightly
to the peak of demand from the underlying submarine programmes,
around 2015.

Demand for Technical Skills

In the previous section, we used the model to show data at the high-
est level of labour demand. In this section, we consider demand at the
technical skill level of detail, albeit with those skills combined.> We are
not yet breaking them down by individual skill; this we will do in the
next chapter when we consider the demands of the complex surface
ship programme and the submarine programme separately. In this sec-

> The figures in this chapter include all of the subskills associated with the detailed designer
and professional engineer skills defined in Chapter Three; they do not include technical
manager skills.
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tion, we repeat our look at the overall complex surface ship and subma-
rine programme demands, restricting the data accordingly.

Figure 5.5 shows the total technical workforce demand, by ship
class for the baseline MOD maritime programme. The vertical axis
range of this figure differs from that of prior figures and runs to 2,500
workers. The figure shows that technical workforce demands gener-
ally mirror the wider workforce demands seen in Figure 5.1, but
the programme peaks occur slightly earlier in time, reflecting the
bias of greater technical workforce involvement in the earlier phases
of the design and build processes. It is possible to place this profile
into perspective by comparing the demand with the technical work-
force supply data shown in Table 4.1 in Chapter Four. Our respon-
dents’ total workforce across surface ship, submarine, and support
yards was 3,525 workers; across surface ship and submarine yards, the
total was 2,056 workers.¢

Figure 5.5
Technical Workforce Demand, by Ship Class
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© Note that some aspects of demand may be met by others involved in the UK’s maritime
industry. We show this comparison to give a better perspective of the level of demand. This
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Demand for Technical Skills: Complex Surface Ships

The technical workforce demands on complex surface ships and subma-
rines also differ from the corresponding overall demand profiles. Figure
5.6 shows the technical workforce demand of the complex surface ship
programme. Whereas in the total demand profile, though showing sig-
nificantly increasing demand, also shows that the CVF programme
covered to some extent a trough formed by the completion of the sixth
Type 45 hull and the delivery of the remaining two hulls of the class.
The impact of the FSC programme at the total level of demand in this
period was minimal. At the technical level, however, Type 45 and FSC
provide level demand, in part because the early stages of FSC are domi-
nated by the design process, and also because there is limited design sup-
port required for the final two Type 45 hulls. CVF and non-MOD work
add to this demand. After the potential excessive demand of the CVF

Figure 5.6
Technical Workforce Demand, Complex Surface Ships
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will be more apparent as we explore technical skills in greater detail. Also, some of the techni-
cal skill numbers captured in the survey may be indirect (and not captured by our modelling
activity).
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programme, which will not fall completely into this grouping, and
non-MOD work, the demand in this grouping will fall to about 300
workers. MARS is not shown in this figure, as it is not a complex sur-
face ship.

Demand for Technical Skills: Submarines

Next, we examine the technical workforce demand of the subma-
rine programme. We see in Figure 5.7 that demand on technical
skills is different from that for the whole workforce, seen in Figure
5.3. Whereas that demand was relatively stable, the technical require-
ments ramp up significantly to account for new design activities:
first for Successor and then for the MUFC programme. The techni-
cal workforce demand then increases further as multiple Successor
boats enter production and the design activities of MUFC continue.
We saw earlier, however, that some of the demand for CVF will be
met by this workforce, and we show this in Figure 5.8. Here, we see
the total technical workforce demand on the shipyard that focusses on
delivery of MOD’s submarine programme. The CVF element provides

Figure 5.7
Technical Workforce Demand, by Submarine Class
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Figure 5.8
Technical Workforce Demand, by Submarine Class and CVF Element
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a steady demand of around 800 workers, with two sharp peaks in 2008
and 2012 that approach 1,300 and 1,000 workers, respectively, before
CVF demand falls as that programme completes and the demand of
the future submarine programmes increase.

Demand for Detailed Designers and Professional Engineers

Our next stage of modelling at greater detail is to consider separately
the two families of skills that together represent the technical work-
force: detailed designers and professional engineers. In presenting these
in the following figures, it is important to remember that we caveat the
ability to interchange the use of a technical skill across the phases in
the design and build processes. Our model and the supporting data do
not distinguish between these processes or phases. Consequently, as we
investigate demand in ever greater detail, there is a danger of an implied
level of confidence or sense of precision. This is not intended, and we
strive to describe the variations in demand while acknowledging that
they may mask important, fundamental subtleties in the employment
of these technical skills.
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The value of analysis at this level of detail is to see if any general
observations can be made about MOD programme demand on the
detailed designer and professional engineer technical skill families.

Demand for Detailed Designers. Detailed design skills are used
mostly in the design process and so these skills will be in greatest
demand in the earlier stages of a vessel’s programme. This is seen in
Figure 5.9, with the peak demand for detailed designers arising earlier
than peak demand for the technical workforce, shown in Figure 5.5,
and the direct workforce, shown in Figure 5.1.

In this figure, the vertical axis has been scaled down to allow closer
examination of the model output. CVF demand dominates in the early
years, causing a maximum demand of about 1,050 workers. A trough
occurs between 2009 and 2011 as detailed designers are less involved in
the build processes for the CVF, Astute, and Type 45 programmes that
are in progress at that point. A second period of high demand follows

Figure 5.9
Technical Detailed Designer Workforce Demand, by Ship Class
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until about 2016, when the design processes for MARS,” FSC, Suc-
cessor, and MUFC overlap, decreasing until 2019, when a low level
of support is required for the build processes of Successor and FSC.
MUEFC design work increases demand to about 350 workers in 2022.
Again, comparing this demand to the information provided by our
respondents and presented in Table 4.1 in Chapter Four, we see that
the total detailed designer workforce is 998, with 457 in the surface
and submarine groups. As we discuss elsewhere in this monograph,
there is no Type 45 replacement programme in the baseline data. Con-
sequently, there is no increase in demand for detailed designers around
2025-2030 as might otherwise be expected to ensure that a new class
of ships is ready to replace the Type 45.

Demand for Professional Engineers and Technical Managers.
Professional engineer and technical manager skills are used throughout
the design and build processes. In Figure 5.10, which has an extended
vertical axis, we can see how demand for these skills is spread more
evenly than that for detailed designers, although there is a notably high
demand from the Successor programme. There is a series of peaks in
the first 15 years, with the MARS programme making a maximum
demand of about 1,700 workers in 2013—2015. Demand in the later
years, moving to the right in the figure, is again due to MARS (1,350
workers, 2019-2021) followed by the combined effect of the FSC,
MUEC, and Successor programmes (1,200 workers, 2021-2027),
though it is Successor demand that dominates. Overall, these peaks are
caused by the cumulative, varying demands of the majority of MOD
programmes, combined with those of non-MOD programmes that
represent military export orders. The shape of the graph in this figure is
similar to other figures in this chapter, showing total technical demand
and total labour demand. Respondents to our survey reported 2,527
professional engineers with 1,599 in the surface ship and submarine
groups.

7" Because we are considering demand split by skill family rather than surface ship or sub-
marine programme, we include MARS in this discussion. In the next chapter, we look at the
vessel programmes and skill families separately and MARS will be excluded. Retention here
and in the next section allows discussion of the potential impact of that programme.
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Figure 5.10
Technical Professional Engineer and Technical Manager Workforce
Demand, by Ship Class
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Observations

Based on the data presented in this chapter, we are able to make the
following observations:

» The total labour demand from MOD’s future shipbuilding pro-
gramme in the next eight years is double the long-term demand;
however, submarine workforce demands are constant. The CVF pro-
gramme is the major contributor to near-term complex surface ship
demand. The overall potential future demand for the entire pro-
gramme will reach a peak around 2013.8 The complex surface
ship programme demand is dominated by CVF in the near term
with considerably lower labour requirements in the longer term.
Indeed, CVF places such an increased demand on the industry

8 We say potential because the MIS identifies only certain parts of the overall programme
as the core workload that is committed to delivery onshore.
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for a short, notable period that it exacerbates the size of the reduc-
tion in the long-term steady demand represented by the FSC pro-
gramme. The submarine programme at the total labour demand
level is stable.

* Qverall, technical workforce demands generally mirror those of the
total workforce. However, technical skills are generally used in the
earlier stages of the design and build processes of maritime vessel
programmes. CVF is again a dominant programme, distorting
complex surface ship demand and delaying the decline to the
long-term steady state represented by the FSC programme. If it is
included, MARS again has a dramatic impact on demand, while
the submarine programme is generally stable but with increasing
demand in the 2020-2026 time frame.

o Although highly variable, demand for detailed designer technical
skills is constantly reduced in the short term before significantly reduc-
ing after 2017. From a current high, detailed designer demand
may be considered relatively constant at around 600-800 work-
ers until about 2015, although the exact level will depend on the
extent to which design efforts for different MARS ship classes are
conducted onshore. A Type 45 replacement programme, which
is not currently planned by MOD, would likely increase demand
to FSC levels, though this would not be until later in the period
under investigation and there would be a long gap of negligible
demand.

* Demand for total professional engineer technical skills is relatively con-
stant, notwithstanding the requirements of the MARS programme.
Total professional engineer technical demand from the MOD
programme is relatively stable over the next 15 years, except for
labour required by MARS programme. If this is included, the
demand surges considerably, which may present a mid-term chal-
lenge to the MOD.



CHAPTER SIX

Demand for Individual Technical Skills Generated
by MOD Current Complex Surface Ship and
Submarine Programmes

In this chapter, we provide the results of our analysis of demand for
individual technical skills generated by all complex surface ships and
submarines in MOD’s build programme. These are the individual skills
defined in Chapter Three.

As seen earlier, the technical skills fall into two major subsets—
detailed design and professional engineering. When analysing the
demands on individual technical skills, we found that the resulting
profiles mostly followed the same general trend within each of these
family subsets.! Thus, to portray our analysis results, in this chapter,
we present one technical skill from each family. This allows for easier
comparison and enables us to maintain some consistency of analy-
sis. There are some anomalies amongst the individual skills, and we
show an example of this, too, to highlight the strength of our model-
ling tool and reinforce the value of investigating demand at the techni-
cal skill level.

For the detailed designer family, we present the future workload
demand for the electrical and control skill set (dubbed DD E&C for
our purposes in this chapter); for the professional engineer family, our
representative skill is mechanical/fluids (dubbed PE M/E). Estimated
demand graphs for each of the individual technical skills, modelled

' One notable exception to this is testing, commissioning, and acceptance professional
engineers; the major activities for this skill tend to occur at the end of the build cycle. How-
ever, in our interviews with industry personnel, we heard that many of the personnel in this
skill set are multiskilled and have the ability to work in other areas; this mitigates against the
peakiness of the graph in Figure D.10 in Appendix D.
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at the complex surface ship and submarine levels (respectively) can be
found in Appendix D.2

In this chapter, we examine the estimated demand for our rep-
resentative individual technical skills (DD E&C and PE M/E) under

three conditions:

* demand from all MOD programmes
* demand from MOD complex surface ship programmes
* demand from MOD submarine programmes.

Demand for Individual Skills from All MOD Programmes

The first step is to consider the combined demand of MOD’s maritime
programmes on our chosen representative skills. This will give a better
perspective of the demand of the separate categories that we consider
later in this chapter: complex surface ship programmes and submarine
programmes.

Detailed Designer Demand at the Individual Skill Level

We saw in Chapter Five how demand for detailed designers in the design
process caused earlier peaks of maximum demand. This is shown again
in Figure 6.1, in which only the DD E&C skill is shown.

The combined demand of MOD’s programmes is uneven, with
several sharp peaks corresponding to the commencement of new pro-
grammes. Initially, CVF pushes demand to about 230 workers in 2008,
with a sharp decrease to about 120 in 2010. A second sharp peak occurs
in 2013-2015 as the FSC design process increases demand on top of
that for Successor and MARS. Not surprisingly, this figure is very sim-
ilar to Figure 5.9 in Chapter Five, which shows total detailed designer

2 An additional question that may arise from this analysis is what level of technical staff
should be retained, by skill, to most cost-effectively meet future demand peaks. Although
this question was not explicitly addressed in this research, previous RAND work on the U.S.
submarine design base suggests a rough rule that the minimum level for retention should
be between one-third and one-half of the future demand peak. The exact level will vary,
depending on the skill and how immediate the future peak of demand is.
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Figure 6.1
Technical Labour Demand for Detailed Designer Electrical and Control
Skill, All Programmes
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demand for these programmes. From Table 4.1 we see that our survey
respondents reported 210 DD E&C workers split across the design/
build and support groups; there are 96 workers in the design/build

group.

Professional Engineer Demand at the Individual Skill Level
Repeating this process for our chosen PE M/F skill, we get the demand
shown in Figure 6.2; this should be compared with Figure 5.10, which
shows demand for all professional engineer skills.

This skill shows less correlation to that earlier all-skill graph, sug-
gesting that there are more significant differences in demand across
the professional engineer skills than seen in detailed designers. Deduc-
tively, this might be linked to the larger number of skills modelled (four
detailed designer, eight professional engineer), a divergence of use of
these skills in the design and build processes that is not true for detailed
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Figure 6.2
Technical Labour Demand for Professional Engineer Mechanical/Fluids
Skill, All Programmes

140

120 —
Non-MOD

100

80

Workers

60

2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027

RAND MG725-6.2

designers (who are predominant in just the design process), or a combi-
nation of both these reasons.

Closer examination of Figures 6.2 and 5.10 does allow some cor-
relation to be identified; for example, it is apparent that demand from
the MARS programme for this skill is less and more even than that
seen for all the professional engineer skills together. For the PE M/F
skill, there is a steady demand of about 90 workers for the next 20
years. There are some occasional peaks and troughs as the different
vessel programmes pick up or draw down, but these are the least dra-
matic variations of any skill or collection of skills we modelled. There

are 174 workers for this skill in Table 4.1, with 89 in the design/build
group.’

3 Remember that we repeat the numbers from Table 4.1 to give a better perspective on pro-
jected demand. It was not part of our study to undertake supply and demand analysis.
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Demand for Individual Skills from Complex Surface Ship
Programmes

Detailed Designer Demand at the Individual Skill Level
We first look at the DD E&C future labour requirements for complex
surface ships.* Figure 6.3 shows this demand.

This figure shows a near-term upsurge in the requirement for these
detailed designers, followed by a short trough in 2010 before a continu-
ing broad peak requirement during the first-of-class design process for
ESC. Demand then falls to practically zero in 2016. This is because
there is no requirement for a new future warship design until a Type 45
replacement is needed. This is unlikely to happen much before the early

Figure 6.3
Technical Labour Demand for Detailed Designer Electrical and Control
Skill, Complex Surface Ship Programmes
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4 Because a portion of CVF is planned to be designed and built in a traditional submarine
yard, we have reduced the design effort accordingly in the following analysis.
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to mid-2020s, leading to an extended gap in demand. Similar patterns
are present for all the detailed designer skills, as can be seen in Figures
D.1-D.3 and D.13-D.15 in Appendix D. Unsurprisingly, there are vari-
ations in demand for the different skills, but, overall, an extended gap
in demand exists from 2016, and this will last until the start of work
on the Type 45 replacement. A gap in demand of this duration suggests
that it will be difficult to sustain the detailed designer skills without
adjusting programmes or through other methods of intervention.

Professional Engineer Demand at the Individual Skill Level
The demand for PE M/F is different. Figure 6.4 shows the estimated
future complex surface ship demand for this skill.

Figure 6.4
Technical Labour Demand for Professional Engineer Mechanical/Fluids
Skill, Complex Surface Ship Programmes
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After a broad near-term peak arising from support to Type 45,
CVE, and non-MOD programmes,’ demand decreases sharply until
2014. At that point, demand increases as the last two Type 45 hulls
are completed and the build process for FSC picks up. After 2017, the
ESC programme provides long-term steady demand for this skill. Fig-
ures D.4-D.10 and D.16-D.21 in Appendix D show a similar pattern
of demand for the other professional engineer skills. Thus, compared
to detailed design skills in the complex ship sector, demand for profes-
sional engineering skills is more constant, although there may need
to be interventions to sustain these skills over the 2013-2017 period.
Although the level of many of the skills is more constant, industry and
MOD will also need to ensure that the complexity of such work sus-
tains the skills. For example, combat systems technical requirements
for complex warships, such as Type 45 and FSC, may be more demand-
ing than those for ships such as CVF and MARS and may require
additional measures to sustain specific aspects of combat systems and
integration skills.

Demand for Individual Skills from Submarine
Programmes

Detailed Designer Demand at the Individual Skill Level
Figure 6.5 shows the DD E&C demand from MOD’ submarine
programmes.

Demand for this skill increases ever more quickly until reaching
a peak around 2015 of about 120 workers. It then descends sharply
to a trough close to 55 in 2019 before peaking again at 90 workers in
2022. Demand on this skill is heavily influenced by the expected sharp
demand in support of the design process of Successor between 2010
and 2019. MUFC design process demand starts in 2014 and initially

5 Due to the nature of the work, this non-MOD export-order demand estimate is available
only for the short term. It is possible that it will continue to be a key component of the profes-
sional engineering demand going forward, but that is not assured. Thus, we included it only
in the short-term analysis, so as not to overestimate these levels.
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Figure 6.5
Technical Labour Demand for Detailed Designer Electrical and Control
Skill, Submarine Programmes
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compounds this effect to produce the total peak of about 115 workers.
There is little build process demand for this skill.

As discussed in Chapter Five, MOD demand at the submarine
shipyard will include elements of the CVF programme. We show the
addition of the CVF element to the submarine programme in Figure
6.6. This, then, is the demand on that skill at the submarine yard.

As can be seen, the CVF-element design process and the Aszure
programme build process combine to place a peak demand on this skill
in 2008 of approximately 80 workers. The demand decreases as CVF
work tails off, until the increasing demand of the Successor design pro-
cess rapidly picks up to the peak shown in Figure 6.5. There are two
areas that may require intervention if this skill is to be sustained at a
steady level during the period under investigation. First, there is a dip in
demand between 2009 and 2013. Second, early design activity for the
MUEFC programme around 2017 is insufhicient until 2020 to pick up
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Figure 6.6
Technical Labour Demand for Detailed Designer Electrical and Control
Skill in the Submarine Sector with CVF Demand Included
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demand as that for Successor decreases. Subsequently, there is a signifi-
cant fall as the MUFC programme moves to production.

Professional Engineer Demand at the Individual Skill Level
Figure 6.7 shows future demand for the PE M/F skill as steadily increas-
ing in the near term to a very broad peak of around 65-75 workers
from 2013 to 2023. This increase is due initially to the design process
of the Successor programme, to which is added the early design work
for MUFC. As Successor moves toward the build process, demand
from that programme decreases quickly, but overall demand reduces
more slowly as the MUFC design process places greater demand on
the skill.

In Figure 6.8, we repeat our method of comparison by inclusion
of the demand of the CVF element. For CVF, demand for the PE M/F
skill is more even through the design and build processes. The effect
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Figure 6.7
Technical Labour Demand for Professional Engineer Mechanical/Fluids
Skill in the Submarine Sector
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is to compound the rising Successor demand to produce a sharp peak
around 2012 of about 85 workers.

For the professional engineer skills overall, it appears that demand
continues downward beyond 2027.

Observations

Based on the data presented in this chapter, we are able to make the
following observations:

o Without additional work, ir will be difficult ro sustain detailed
design skills after completion of the design process for FSC. There are

only two warship programmes which significantly contribute to

individual detailed design skills—CVF and FSC. After around
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Figure 6.8
Technical Labour Demand for Professional Engineer Mechanical/Fluids
Skill in the Submarine Sector with CVF Demand Included
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2015, there will be little demand for these skills until a potential
Type 45 replacement design begins in the early to mid-2020s.
Demand from the design process for the later ships in the MARS
programme may offer some mitigation, but this will impact not
only detailed design skills, but those of professional engineers as
well.

There is steady demand on professional engineering skills from
MOD’s complex warship programmes. An initial peak in demand
from CVF is followed by a trough as that programme concludes
and the final hulls of the Type 45 programme are completed. FSC
then provides a constant demand. The full MARS programme
may overload demand for some skills.

The CVF programme provides a bridge for both submarine detailed
design and professional engineering skills prior to the start of the Suc-
cessor new design. 'There is a lack of demand for most individual
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technical skills if the CVF programme is not included. However,
once it is added to demand, it sustains individual technical skills,
particularly those of detailed designers, until the Successor pro-
gramme picks up.

o The start of the MUFC programme at the peak caused by Succes-
sor demand exacerbates total demand and the subsequent decline in
demand. MOD may need to investigate options for smoothing
this peak demand, for example, by amending the timing of the
MUFC programme.



CHAPTER SEVEN

Key Findings

Looking at this analysis more broadly, some general trends emerge with
regard to the future demand for design and engineering technical skills
in both the submarine and surface ship sectors. We present these with
commentary to support each key point.

» The MOD baseline programme will need some modification ro help
sustain the technical skills that support the key industrial capabili-
ties. The nature of the modification and its implementation requires
further investigation. The current MOD baseline programme will
not sustain all of the technical skills needed to support the future
maritime programme. Within the complex warship and subma-
rine sectors, there are periods of low activity (such as a lack of
work for detailed designers post—FSC design) which will not sus-
tain those technical skills. MOD has aspirations to undertake
other maritime programmes and these, or elements of them, may
help mitigate gaps in demand that exist under current plans. Even
so, some technical skills may require targeted initiatives if they are
to be sustained.

* Qverall, there is sufficient demand from the submarine programmes
to sustain design and build submarine technical skills until 2027,
although beyond this, the situation is less clear. There are no gaps
in technical labour demand from design/build submarine pro-
grammes for the next 15 years. The difficulty in this period will be
to be to manage the increases in skills needed to deliver the Suc-
cessor and MUFC programmes; professional engineering demand
ramps up significantly and will require rapid assimilation of new
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workers. There is a downturn in detailed design labour require-
ments after 2022, when the design efforts of these programmes
conclude. This will pose longer-term problems should no further
design work arise. Professional engineering demand peaks around
2018 and steadily declines as first Successor and then MUFC
near completion. The relationship between the end of these pro-
grammes and the start of any future submarine programmes will
affect the demand that will sustain these skills. The CVF pro-
gramme serves a valuable bridging function in the near term by
providing additional workload to both the detailed design and
professional engineer technical skills at the submarine shipyard.
Within the support sector, the demand on technical skills is much
more variable

o The complex surface ship sector is more fragile than the submarine base
when looking at design/build rechnical skills. Demand for detailed
design skills varies greatly in the near term and, following the FSC
first-of-class design work around 2012-2016, there is little future
activity to sustain these skills until the start of a Type 45 replace-
ment programme. For the professional engineering community,
the demand is more constant, although there are periods of lesser
demand that may need intervention.! Should MOD decide to
change the maritime surface programme and trigger, for example,
reductions in new hull numbers, gaps in demand for professional
engineering skills will develop quickly and may become difficult
to sustain. MOD intervention would then be necessary to miti-
gate the impact of such decisions. However, when one examines
the support programme, the demand on technical skills in the
complex surface ship sector is much more steady.

o A specific maritime programme demand sustains detailed design and
professional engineering technical skills in different ways. Detailed
designers are in most demand during the design process of first-

1 For example, in the period between CVF and FSC production from 2013 to 2017. Within
these periods of lower demand, MOD will need to ensure that its potential interventions sus-
tain all of its key technical skills. Some skills, such as combat systems, may not be exercised
as greatly by the inclusion of simpler RFA-type ships.
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of-class ships or submarines. Professional engineers are involved
more equally across the design and build processes, but demand
varies for any given hull and between successive hulls. Both sets
of skills work together during the design process, and demand for
one invariably affects the other. Specific steps to sustain detailed
designers, for example, could increase demand on professional
engineers already employed in other activities.

Examining MOD labour demand requirements at different levels
of aggregation highlights different trends and challenges. By look-
ing at labour demand at a variety of levels (total labour, techni-
cal labour, detailed design/professional engineer, and individual
skills), different trends are revealed. This ability is important, as
it allows those making decisions on the future shipbuilding pro-
gramme to better understand how they might affect the maritime
industry. For example, examining technical labour in aggregate
helps MOD understand general labour requirements and whether
there is a general lack of demand (as there is in complex ship
detailed design skills), while modelling at the individual skill level
provides insight into how bespoke intervention may generate suf-
ficient demand to sustain those skills at risk.

There is a need to review technical labour demand requirements as
programme assumptions change. When conducting sensitivity analy-
sis, we examined how changes to the MOD programme could
affect the demand needed to sustain technical skills. Changes
which may be made to solve one problem may exacerbate another.
MOD now has the tools necessary to understand some of the
industrial consequences of changes to the maritime programme.
These tools will also aid longer-term planning,.

Recruiting certain technical skill sers will be challenging for industry.
Our industry interviews and survey highlighted the challenges of
recruiting technical staff of the appropriate skill type and expe-
rience. Specifically, respondents highlighted difficulties finding
experienced professional engineers who were naval architects,
electrical (power) engineers, systems engineers, and mechanical
engineers.
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 As processes develop and technologies mature, the required mix of
technical skills will change. Those technical skills needed today
may not be required in the future. In our interviews and survey
responses, industry anticipates increasing requirements for IT
skills and electrical engineers. Working practices are also forecast
to change leading to, for example, greater remote working and a
need for wider language skills. Again, MOD may wish to engage
with industry to stay attuned to these trends so that its industrial
strategy can sustain the skills that will be needed in the future.



CHAPTER EIGHT

Areas for Further Investigation

The key findings in Chapter Seven may generate discussion and ques-
tions that lead to the need for further analysis. In addition, there are
several areas of further investigation which stand out and that MOD
may wish to consider. The purpose of this chapter is to signpost how
a better understanding might be gained of the relationships between
technical skills and MOD’s maritime programme demand.

* Add support/repair/refit data to the labour demand forecasting model
as information becomes available. In this phase of research, ship-
yards that conduct repair/refit activities on behalf of MOD were
not able to provide future labour demand data by skill at the level
of detail that was required. To compensate for this, we describe an
alternative strategy in Appendix A to estimate this future support
demand. However, should labour demand data become available
to the degree of granularity required, MOD should look to inte-
grate this with the existing model data. This would allow subse-
quent analysis to gain a clearer understanding of any potential
symbiotic relationships among design, production, and support
resources and could help MOD to model potential changes across
the maritime lifespan of its fleet, should the future programme
change.

e Further investigate how MOD demand sustains key equipment sup-
pliers. This study focussed on understanding how demand sus-
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tains technical skills primarily at the shipyard level.! However,
shipyards utilise subcontractors and other key suppliers to provide
key pieces of equipment and integration activities. By examining
how demand affects each of these in a more systematic way, MOD
can better understand where any risks in sustaining this level of
supply could occur and develop strategies to mitigate them.
Examine in greater depth MOD's technical skills requirement to gain
a deeper understanding of the technical base that is needed to meet
the MOD's internal needs. Although this research provides insights
into the technical skills present in industry which the forward pro-
gramme should look to sustain, MOD also has a responsibility to
ensure that its own technical staff has the skills required to plan,
execute, and monitor its future programme. This includes ensur-
ing that the right mix of technical skills exists within the ministry
and that those skills are used and developed appropriately. This
will ensure that MOD remains an “intelligent buyer” and is able
to understand the technical aspects of its future requirements.
Conduct further analysis on those technical skills whose low popula-
tion numbers may not have been fully considered during this level of
modelling. When conducting our modelling activity, we defined
the technical skill categories at a level at which it would be possi-
ble to estimate future demand meaningfully. However, our survey
work identified some technical skills that would be difficult to
quantitatively model because of their low population numbers
and niche capabilities. These technical skills may be important
to the future MOD programme and should be examined in more
depth to provide greater understanding of their importance in
maintaining the key industrial capabilities required by the MIS.
An initial assessment of these niche skills can be found in Appen-
dix B.

Continue to assess potential changes to the MOD future programme
to understand threats to the ability to sustain key technical skill popu-
lations. As the future MOD maritime programme develops, it is
important to ensure that any proposed changes take into account

1

And at the associated first-tier supply level.
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the need to sustain key technical skills. To do this, MOD must
continue to understand the impact of its maritime programme on
these skills and keep its analytical tools updated so that changes
can be assessed.

Investigate ways to sustain technical skills in periods of insufficient
demand. The extent to which the MOD shipbuilding programme
may be manipulated will be affected by the operational require-
ments of the Royal Navy and the RFA, as well as the resources
available to the maritime portion of the equipment plan. Con-
sequently, there may be no alternative but for some skills to be
underused in normal shipbuilding programmes for extended peri-
ods, placing them under threat. There are likely to be a number
of potential solutions to this problem. In the immediate future,
however, because of the anticipated demand, it is unlikely that
any skills will become critical, and so MOD and industry have a
window in which to investigate and put in place an agreed upon
solution or series of solutions.

Understand how technical skills might change with advances in pro-
cess or the introduction of new technologies. It is likely that there
will continue to be advances in the way in which ships and sub-
marines are designed, built, and supported. This has been seen
recently, for example, in the changes to the nuclear submarine
design and build processes for the Astute and Virginia classes.
If there are long gaps between successive demands, the sustain-
ing activity placed by MOD to maintain current capability and
capacity could entrench existing processes at the expense of allow-
ing the development or inclusion of new processes and the skills
to support them.






APPENDIX A

Incorporating Support, Repair/Refit, and Other
Labour into the Shipyard Labour Modelling Tool

In Chapter Five, we discussed why our quantitative modelling activ-
ity did not include support activities. Because industry data were not
available by individual skill category from the firms that undertake
support activities,! we were not able to model their data to the same
degree of granularity with which the rest of the labour demand data
were presented.

In this appendix, we present a methodology and assumptions that
allow us to incorporate these support data into our wider modelling
outputs. However, since the data does not originate in a “like-for-like”
format, we did not include them in the main body of this monograph.
However, there are three sources of data which, when combined with
a number of assumptions, can help us estimate and integrate technical
labour support requirements into our wider data set. They are

* MOD estimates of the production workforce required for future
support activities

* MOD estimates of specific technical workforce requirements for
those firms involved in MOD’s Design Support Alliance (DSA)
activities

* previous RAND work on the UK naval shipbuilding industrial
base, which shows ratios of technical labour requirements to pro-
duction work.

' Available from only one firm, and not by activity—only by total aggregate technical
labour.
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MOD does not appear to capture future labour demand projec-
tions for the technical workforce in the support sector; however, it does
have models to estimate this future labour demand for production staff.
These data are estimated by ship class and allow MOD to understand
the future production labour requirements for the operational fleet.

In addition to holding estimates for production workforce labour
demand, MOD also holds some data that estimate technical work-
force requirements for those firms involved in its DSA. Industrial
members of the DSA collaborate to meet MOD demand for design/
support requirements for a subset of the wider support programme.
These estimates can broadly broken down into detailed designer and
professional engineer specialties, and roughly have a 5:2 (designer to
engineer) ratio.

Previous RAND work on the UK naval shipbuilding industrial
base also briefly addressed support activities.> This work estimated
future MOD support activity demand and broke it down into five
labour categories: management, technical, structural, outfitting, and
support. For support activities, the technical labour component was
approximately 25 percent of the overall support labour demand, and
the labour profiles led the others by approximately six months.

Using these three data sources, we were able to construct a rough
order-of-magnitude estimate for technical support labour requirements.
We did this through three discrete steps. First, we estimated total tech-
nical labour demand over time. We did this by taking the total pro-
duction workforce demand and, using previous production/technical
labour ratios, we were able to estimate technical labour requirements.
We then shifted these estimates forward in time (by two quarters) to
account for the trend of technical labour profiles to lead other labour
profiles by six months. Figure A.1 shows our estimate for total techni-
cal labour requirements for support activities (by major ship class).

Second, we took our new estimate for total technical support
labour estimates and divided it into its two principle subcomponents.
By using the DSA labour ratio of five detailed designers to two pro-
fessional engineers, we were able to produce technical labour profile

2 Arena et al. (2005).
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Figure A.1
Estimated Technical Labour Profile for Support Activities
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estimates for these two categories. Figures A.2 and A.3 shows the labour
profiles for these categories, respectively, by ship class.

Finally, we were able to integrate these two estimated profiles into
the wider labour estimates for detailed designers and professional engi-
neers, presented in Figures 5.7 and 5.8 in Chapter Five. This allows
us to see the impact of support activities within the wider technical
demand.

Figure A.4 shows that, although there appears to be greater short-
term demand for detailed designers in the design/build component
of labour demand, the long-term demand is more heavily weighted
toward the support phase. This may be because some future design
programmes, such as a Type 45 replacement, are not included in our
modelling output.

In Figure A.5, we see that the level of technical support demand
is considerably less than that required for the design/build portion of
MOD’s future programme. The large discrepancy between the two
types of labour demand for professional engineering technical resources
raises some questions about the assumptions used in producing the
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Figure A.2
Estimated Labour Profiles for Detailed Designers, Support Activities
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Figure A.3

Estimated Labour Profiles for Professional Engineers, Support Activities
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Figure A.4
Integrating Support Estimates into Overall Detailed Designer Labour

Projections
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Figure A.5
Integrating Support Estimates into Overall Professional Engineer Labour

Projections
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support estimate. Further investigation is required to determine the
source of this apparent discrepancy; however, this will not be possible
until the support technical estimates are improved.

In summary, this appendix provided a methodology showing
how MOD could estimate its future technical support activity labour
requirements. We do not have the same level of confidence in the sup-
port estimates presented in the two preceding figures as in our projec-
tions presented in the main body of this monograph. However, they do
give an illustration of the impact that support activities may have on
MOD’s overall technical workforce requirement.



APPENDIX B

Accounting for Low-Population, Highly
Specialised Skills

The purpose of this research project was to help MOD understand how
key skills contribute to the future UK maritime programme. To do this,
we developed a list of key skills and, through data collected via surveys
and interviews, assessed the impact of the future maritime programme
on these skill sets. When defining the skills used in the research, we
were forced to broadly define skills sets, as it would have been imprac-
tical and infeasible to model hundreds of different technical skills to
the desired level of granularity. Thus, our skill definitions encompass a
number of subskills that make up these broader skill sets. In Chapter
Three, we showed (for example, in Figure 3.1) how this hierarchy was
conceived. However, industry representatives stressed in our interviews
that some skills were extremely important but comprised such small
numbers of workers that they would be impractical to model using a
quantitative method. It is important to note that many of these skills
are contained in our skill categories; they are just subskills within the
larger skill category. In this appendix, we report on those conversations
with industry and present a list of those low-population, highly special-
ised skills, which MOD should monitor due to their importance in the
delivery of the future programme.

When identifying these specific skills, it is necessary to under-
stand the characteristics that make them both important to capture
and difficult to quantitatively model. In general, these skills will likely
include a combination of the following characteristics:

* risk of skill being lost within 10 years
* low population within MOD and industry
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* highly specialised knowledge within skill set

* specific use within the ship/submarine design, build, or support
phase

* not easily transferable or having a steep learning curve

e critical importance to future MOD design/platform

* limited fall-back option if skill depletes.

The UK Naval Engineering Science and Technology Forum (UK
NEST) is a membership organisation which aims to facilitate discus-
sion, promotion, and professional education regarding important naval
technical skills and competencies. Membership in the forum is made
up of key MOD maritime officials, as well as engineering directors
and other key professionals in the UK maritime industry, and both
platform design/build/support organisations and key suppliers are rep-
resented. Because these industry and MOD technical specialists best
understand the challenges to define these specialised skills, we used the
knowledge and expertise of UK NEST to capture these skills.

After presenting our initial research at one of the UK NEST
meetings and having an in-depth discussion of the importance of
these skills, forum members were invited to submit candidate skills to
a central facilitator, who then screened them, shared the resulting list
with senior colleagues for further insight, and provided the skill list to
RAND. This skill list is wide in scope and cuts across the above- and
underwater domains. The low-population, highly specialised skills are
as follows:

* magnetic and electronic signatures

* submarine hydromechanics

* submarine nuclear propulsion

e pressure hull design

* sonar algorithm development

e alternative platform hullform design

* infrared signatures

* radar signatures

* surface platform survivability

e surface platform hydrodynamics and hydromechanics
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* materials technology (including stealth composites)
* target strength modelling and measurement

* warship propulsion system integration

* weapon performance assessment

* cost engineering and estimation.

From the information provided for this part of our study, we make
the following observations:

* In addition to considering the demand requirements placed on
the general skill categories by the future maritime programme,
MOD also needs to understand the impact of its programme on
these low-population specialised skills. Should the existing pro-
gramme not sustain them, MOD needs to explore with indus-
try other means, such as technology demonstrators, periodic
upgrades, or similar short-duration activities, to maintain these
skills until they are needed again.

* Whilst this exercise was conducted only for key low-population
skills, there would also be benefits in conducting a similar exercise
for low-use, high-importance facilities.






APPENDIX C

RAND’s Shipbuilding Modelling Tool

The goal of our modelling activity was to estimate future labour
demands on specific skills for MOD’s ship design, build, and support/
repair/upgrade programme.! To do this, we followed a straightforward
process. First, we developed a labour projection model that would allow
us to estimate future demand. Second, in consultation with MOD, we
made a set of basic assumptions concerning the future MOD maritime
programme, including the timing and number of ships in a particu-
lar planned class (e.g., CVF, MARS, and FSC). Third, we collected
demand data about these programmes from industry, MOD, and pre-
vious research and populated our labour projection model with that
information. Finally, we ran the model to produce a number of esti-
mates concerning the future labour demand of MOD programmes.
Because the future maritime procurement plan is flexible and open to
change, we also ran a number of other scenarios to look at the robust-
ness of our projections.

The first step in our methodology was to develop a model that
could accurately forecast future labour demands. The model used to
project future MOD labour demand required a number of inputs. We
show the model’s general formulation in Figure C.1.

1 For this research, we modified a RAND naval labour demand model that had been previ-

ously developed. The content of this appendix, explaining how the model works, has largely
been taken largely from Arena et al. (2005).
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Figure C.1
RAND'’s Basic Labour Forecasting Model
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The forecasting model requires data at a number of different levels.

First, there is specific information associated with each ship class (e.g.,

Type 45, CVE). Such class-specific information includes

* Labour profiles: These profiles represent the distribution of labour

required to build and design a ship over time. Although there
may be a generic labour profile required for the overall produc-
tion of a ship, it is also possible to estimate labour profiles for the
individual skill trade areas associated with building a ship. In our
model, we developed labour profiles unique to skill trade catego-
ries (which we will define later in this appendix).

Ship build hours: These are the total number of direct worker
hours required to complete a ship, which can be further broken
down by individual skill trade areas (i.e., management, technical,
structural, support, and outfitting).

Ship build duration: This duration represents the total amount of
time needed to actually build a ship. At this point in the model-
ling process, we did not identify specific start or stop dates for ship
design or production, but instead made a general estimate of the
overall block of time needed to build the ship (e.g., 10 quarters).
Shipyard learning curves: These curves represent the labour hours
required over time as more ships of the same class are produced.
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Improvement can come through increased labour proficiency,
increased process innovation, or some combination of the two.
Typical unit learning-curve slopes for shipbuilding range from
0.87 t0 0.93,2 and we used different learning curves depending on
the ship class under consideration.

Past RAND studies have used this direct labour estimation model
to assess overall labour demand. However, this study is primarily con-
cerned with key technical skills, so we broke down overall labour into
more definitive categories, making it possible to analyse demand at
each of these levels.

Thus, for an individual ship class, it would then be possible to
create representative, time-independent labour profiles for the number
of direct workers required to design and produce a ship over time. We
present a notional example of such profiles in Figure C.2.

However, to convert these notional labour projections into an
actual estimate, two other important pieces of ship-specific informa-
tion are required: Specific start and end dates for production need to be
defined, and a specific shipyard(s) must be selected to actually design
and produce the vessel. Only when these two steps are completed will
the nominal labour projection shown in Figure C.2 be useful in esti-
mating future labour demand for a specific naval vessel.

In our model, we made estimates for both these pieces of informa-
tion. (We cover the specific information later in this appendix.)

As estimates are made for each future ship for the Royal Navy,
it becomes possible to aggregate these individual estimates to come
up with an overall labour estimate for the entire MOD shipbuilding
programme. As mentioned before, these labour estimate aggregations
can then be analysed at either a programme or skill level. We provide a
visual representation of this aggregation in Figure C.3.

2 By unit learning-curve slope, we mean the rate of improvement each time production dou-
bles. A 0.95 slope, for example, means that the hours decrease by 5 percent each time the
production unit doubles. It is a nonlinear improvement, getting smaller as the production
quantity increases. See Mark V. Arena, John F. Schank, and Megan Abbott, 7he Shipbuilding
and Force Structure Analysis Tool: A User’s Guide, Santa Monica, Calif.: RAND Corporation,
MR-1743-NAVY, 2004, for more details.
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Figure C.2

Example of Direct Labour Distribution Curves for an Individual Ship Class
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APPENDIX D

Demand for Individual Technical Skills from
MOD'’s Baseline Shipbuilding Programme

In Chapter Six, we discussed the impact of MOD’s future shipbuild-
ing programme on individual technical skills. To illustrate this impact,
we chose to model two skills—detailed designer electrical and control
and professional engineer mechanical/fluids—as a nearly representa-
tive sample of the larger set of individual skills. For completeness, we
present the estimated future labour demand that the submarine and
complex warship programmes, respectively, place on these technical

skills.!

1 For clarity, we have not included broad skills for which the figure would amalgamate a

number of skills; for example, we have not included “other engineering” for either detailed
designers or professional engineers. We also did not include any nuclear skills for complex
surface ships, as the current fleet is conventionally powered.
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Figure D.1
Demand from MOD Submarine Programmes for Detailed Designers—
Electrical and Control
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Figure D.2
Demand from MOD Submarine Programmes for Detailed Designers—
Mechanical/Fluids
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Figure D.3
Demand from MOD Submarine Programmes for Detailed Designers—
Hull/Structural/Arrangements
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Figure D.4
Demand from MOD Submarine Programmes for Professional
Engineers—Combat Systems
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Figure D.5
Demand from MOD Submarine Programmes for Professional
Engineers—Electrical and Control
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Figure D.6
Demand from MOD Submarine Programmes for Professional Engineers—
Hull/Structural/Arrangements
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Figure D.7
Demand from MOD Submarine Programmes for Professional Engineers—
Mechanical/Fluids
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Figure D.8
Demand from MOD Submarine Programmes for Professional
Engineers—Naval Architects
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Figure D.9
Demand from MOD Submarine Programmes for Professional

Engineers—Nuclear
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Figure D.10
Demand from MOD Submarine Programmes for Professional

Engineers—Testing and Commissioning
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Figure D.11
Demand from MOD Submarine Programmes for Technical
Management—Planning and Production
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Figure D.12
Demand from MOD Submarine Programmes for Technical
Management—Programme Management
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Figure D.13
Demand from MOD Surface Ship Programmes for Detailed Designers—
Electrical and Control

250

200

150

Workers

S Y Y
2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027

RAND MG725-D.13

Figure D.14
Demand from MOD Surface Ship Programmes for Detailed Designers—
Mechanical/Fluids
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Figure D.15
Demand from MOD Surface Ship Programmes for Detailed Designers—
Hull/Structural/Arrangements
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Figure D.16
Demand from MOD Surface Ship Programmes for Professional
Engineers—Combat Systems
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Figure D.17
Demand from MOD Surface Ship Programmes for Professional
Engineers—Electrical and Control
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Figure D.18
Demand from MOD Surface Ship Programmes for Professional
Engineers—Hull/Structural/Arrangements
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Figure D.19
Demand from MOD Surface Ship Programmes for Professional
Engineers—Mechanical/Fluids
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Figure D.20
Demand from MOD Surface Ship Programmes for Professional
Engineers—Naval Architects
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Figure D.21
Demand from MOD Surface Ship Programmes for Professional
Engineers—Testing and Commissioning

300

250

200

150

Workers

100

50

[ Y
2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027

RAND MG725-D.21

Figure D.22
Demand from MOD Surface Ship Programmes for Technical
Management—Planning and Production
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Figure D.23
Demand from MOD Surface Ship Programmes for Technical
Management—Programme Management
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APPENDIX E

Survey of Shipyards

We sent the following questionnaire to shipbuilders in the spring of
2007. We reproduce it here in its entirety. Note that technical manager
skills were grouped with professional engineering skills in the survey.

Maritime Industrial Strategy Study Survey

Introduction

As we discussed during our initial visit(s), the Ministry of Defence
(MOD) has asked RAND to conduct a study of key shipbuilding
industrial base skills and future issues. As you will remember, the
objective of this research is to inform MOD of different core work-
load options for maintaining shipbuilding design, build, and support
in those areas of onshore capability that are considered of UK strategic
importance. It will identify the associated critical skills that the core
workload should attempt to sustain, specifically in the design and engi-
neering domains. Options to sustain these capabilities and skills will
be evaluated. Such options might include potential changes to MOD’s
planning or new ideas for maintaining critical skills beyond the bounds
of current thinking.

Thank you for the data and information that you have provided
thus far. We have some further and more specific questions that we
have included in the following survey. We are happy to sign a nondis-
closure agreement if necessary.

After we have received your completed survey form, we may want
to follow up through a phone conversation, email, or another visit.
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Please let us know your preference regarding how we should follow up
with you for answers to questions or to request clarification on portions

of your completed survey.
Thank you again for your assistance with this study.

MOD Contact

Our project monitor is

Jonathan Ackland
MIS Project Team
MOD Abbey Wood
Bristol BS34 8JH

RAND Contacts

If you have any questions or require further clarification, please contact

one of the analysts listed below.

Hans Pung

RAND Europe

Milton Road

Cambridge CB4 1YG
+44 (0)1223 273895
Hans_Pung@rand.org

Persons Completing the Form

Laurence Smallman
RAND Corporation

1200 South Hayes St.
Arlington, VA 22202

+1 703-413-1100, ext 5198

Laurence_Smallman@rand.org

Name

Title/Company

Phone Number

Email Address
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Instructions

Throughout this survey, please provide data by specific skill category
where possible. If data are not available at the specific skill level, please
provide them at the detailed designer/professional engineer level. Addi-
tionally, please specify which skill categories are included in any “other
designer” or “other engineering” categories.

In the survey, we often use the term technical workforce. By techni-
cal, we mean those skills which require design or engineering expertise
regardless of where they occur within the procurement life cycle.

We ask for a wide range of data in the survey for three main
reasons:

1. to capture information regarding specific technical skills to
allow us to better understand current skill availability and expe-
rience (“domain knowledge”)

2. to capture future skill demand (by phase of MOD programme)
to allow us to better understand future requirements for techni-
cal skills

3. to capture cost and availability information surrounding build-
up and draw-down of technical skills and the overall business
base to allow us to better understand the ability of industry,
in general, to accommodate differing future design, build, and
support plans. This will help us understand what it is both fea-
sible and sustainable for industry to do.

As an aid to our skill-category definitions, we have included the
following table, which provides greater detail as to some of the sub-
skills that fit into the higher-level skill categories that are the basis of
this survey.
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Skill Category

Examples of Detailed Skills

Detailed
designers

Professional
engineers

Electrical and control

Mechanical/fluids

Hull/structural/
arrangements

Other detailed design
Acoustics/signatures/
dynamics

Combat systems and
integration

Electrical and control

Mechanical/fluids

Naval architecture/
marine

Planning and
production support

Hull/structural/
arrangements

Testing, commissioning,
and acceptance

Programme
management

Safety/environmental

Welding/metallurgy/
materials

Propulsion

Electrical system component, electrical
analysis, electrical design, power generation

Mechanical component; mechanical systems;
mechanical design; piping design; heating,
ventilation, and air conditioning (HVAC)
design; fluid system design; hydraulic system
design

Structural engineering, structural
arrangement, structural design

Engineering support, life-cycle support,
software engineering, IT support

Signature analysis
Combat system integration, combat system
design

Electrical system component, electrical
analysis, electrical design, power generation

Mechanical component, mechanical system,
mechanical design, piping design, HVAC
design, fluid system design, hydraulic system
design

Naval architect, marine engineer, weights
analysis, standards

Scheduling, Purchasing Support, Component
Support

Structural engineering, structural
arrangement, structural design

Programme management, schedule and cost
control, estimating

Safety engineers, environmental engineers

Shafting and gear design, prime mover
analysis, propeller design and analysis
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Skill Category Examples of Detailed Skills
Professional  Nuclear specific Shielding, design, reactor plant design,
engineers turbine engineering
(cont.)

Other engineering Engineering support, life-cycle support,

software engineering, IT support

Technical Workforce Demographics

1. DPlease provide your company’s average number employees in

2006.
Skill Category Number
Detailed designers Electrical and control
Mechanical (inc. piping, HVAC)
Hull/structural/arrangements
Other detailed design
Professional engineers Acoustics/signatures/dynamics

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements

Testing, commissioning, and acceptance

Programme management

Safety/environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering
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2. DPlease estimate your company’s number of employees in the fol-
lowing categories over the specified years.

Skill Category

1995 2000

2001

2002 2003

2004

2005

Detailed designers

Professional
engineers

3. Please provide your current workforce age distribution by skill
category.

Skill Category

Age (Years)

<21

21-
25

26—
30

31-
35

36—
40

a1-
45

46—
50

51-
55

56-

60 [>60

Detailed

Electrical and control

designers

Mechanical (inc.
piping, HVAC)

Hull/structural/
arrangements

Other detailed
design

Professional
engineers

Acoustics/signatures/
dynamics

Combat systems and
integration

Electrical and control

Mechanical/fluids

Naval architecture/
marine

Planning and
production support

Hull/structural/
arrangements

Testing,
commissioning, and
acceptance
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Age (Years)

21-|26-|31-|36-|41-|46-|51-|56-
Skill Category <21| 2530|3540 |45 |50 |55 |60 |>60
Professional |Programme
engineers management
(cont.)
Safety/

environmental

Welding/metallurgy/
materials

Propulsion

Nuclear specific
(e.g., shielding)

Other engineering

4. Please provide the current distribution of your workforce by
years of experience in the field. If information is available only
for years of employment at your company, please specify this and
provide the data in the same format.

Skill Category

Years of Experience

<1

3-5 | 6-10 | 11-20

21-30

>30

Detailed

Electrical and control

designers

Mechanical (inc.
piping, HVACQ)

Hull/structural/
arrangements

Other detailed
design

Professional
engineers

Acoustics/signatures/
dynamics

Combat systems and
integration

Electrical and control

Mechanical/fluids
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Skill Category

Years of Experience

<1

3-5 | 6-10 | 11-20

21-30| >30

Professional
engineers

Naval architecture/
marine

(cont.)

Planning and
production support

Hull/structural/
arrangements

Testing,
commissioning, and
acceptance

Programme
management

Safety/
environmental

Welding/metallurgy/
materials

Propulsion

Nuclear specific
(e.g., shielding)

Other engineering

5. Please both provide the average number of annual permanent
hires and annual apprentice intake by skill category over the
past five years.

Skill Category

2002-2006 Annual Average

Permanent
Hires

Apprentice
Intake

Detailed

Electrical and control

designers

Mechanical (inc. piping, HVAC)

Hull/structural/arrangements

Other detailed design




Survey of Shipyards 117

2002-2006 Annual Average

Permanent Apprentice
Skill Category Hires Intake

Professional |Acoustics/signatures/dynamics
engineers

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements

Testing, commissioning, and
acceptance

Programme management

Safety/environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering

6. Please provide the average age of your workers at the time of
their retirement. If this varies by skill category, please indicate
this.

7. In the following table, please provide the average number of vol-
untary departures by skill category over the past five years (i.e.,
not due to layoffs or retirement). What is your typical percent-
age of attrition 7ot including layoffs or retirement?
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Skill Category

2002-2006
Average
Voluntary
Departures

% Turnover Due
to Voluntary
Departures

Detailed

Electrical and control

designers

Mechanical (inc. piping, HVAC)

Hull/structural/arrangements

Other detailed design

Professional

Acoustics/signatures/dynamics

engineers

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements

Testing, commissioning, and
acceptance

Programme management

Safety/environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering

Technical Workforce Planning

8. What is the company strategy for workforce planning when
demands change? When work is ramping up, does contract
funding constrain the workforce ramp-up rate? When work is
falling off, do union restrictions or other factors affect layoff

rates?
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9. What is the maximum annual growth rate you could sustain
as a percentage of the workforce? Does this vary by skill? If so,
please provide detail.

10. What constrains the workforce ramp-up rate (e.g., productivity,
available recruitment pool)?
Technical Workforce Experience, Hiring Pools, and Productivity

11. Please indicate the typical experience level of your new hires as
a percent of those hired.

Years
Skill Category <1 1-2 | 3-4 | 5-10 | >10
Detailed Electrical and control
designers

Mechanical (inc. piping, HVACQ)

Hull/structural/arrangements

Other detailed design

Professional [Acoustics/signatures/dynamics
engineers

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements

Testing, commissioning, and
acceptance

Programme management

Safety/environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering
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12a.

12b.

12c.

13.

From which sources do you typically recruit new technical
workforce?

From what organisations or industries do your experienced
technical workforce typically come?

Please describe the typical recruitment pool for your technical
workforce (e.g., certain vocational schools, grown within the
organisation)

Can you identify any existing untapped sources for potential
recruitment? Furthermore, to what extent can the industry draw
from other industries, and how transferable are these skills?

14a. Are there particular skills or disciplines (e.g. a specific type of

engineering) that are in high demand or for which recruiting is
difficule? Please explain.

14b. Are there future programmes for which this recruiting difh-

culty may cause problems or is of concern?

15a. Please estimate your annual training cost (any cost beyond
trainee salary) per worker by experience.
Years
Skill Category <1 1 2 3 4 5 6 7 >7
Detailed
designers

Professional
engineers

15b.

16.

Are there any skills that have significantly higher training costs?
Please describe.

Please indicate the relative productivity (percentage relative to
the highest-skilled worker) by experience and skill category. We
have assumed all workers to be fully productive by 10 years, if
this is not the case, please indicate.
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Years
Skill Category <1 516|7|8|9] 10
Detailed Electrical and control 100%
designers
Mechanical (inc. piping, 100%
HVACQ)
Hull/structural/ 100%
arrangements
Other detailed design 100%
Professional |Acoustics/signatures/ 100%
engineers dynamics
Combat systems and 100%
integration
Electrical and control 100%
Mechanical/fluids 100%
Naval architecture/ 100%
marine
Planning and 100%
production support
Hull/structural/ 100%
arrangements
Testing, commissioning, 100%
and acceptance
Programme 100%
management
Safety/environmental 100%
Welding/metallurgy/ 100%
materials
Propulsion 100%
Nuclear specific 100%
(e.g., shielding)
Other engineering 100%
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17. How many inexperienced people can an experienced worker
mentor? If this varies by skill category, please provide details. We
are looking to understand how you use your experienced work-
force to train and develop your less experienced workforce.

18. In your experience, what has dictated the shape of your techni-
cal workforce labour profiles? Have these profiles typically been
symmetrical (or not)? What determines the rate at which you
add and subtract people from a specific programme? Does this
vary by type or class of ship/submarine? If so, please provide
details.

19. Which skills are unique to a specific programme (e.g., subma-
rine specialties) that are not utilised in other types of activity
(such as new design, production, and support/repair)? How does
this vary by type or class of vessel?

Current and Future Technical Workforce Plans

20. Please provide data concerning your historical and future tech-
nical workforce efforts. Please provide data starting with 2006
and going as far into the future as possible. Also, please include
activities such as in-service support, export work, research and
development efforts, and any other activities that may draw
upon your technical workforce resources.



For current and future programmes:

Activity

Name/Description

Start
(month/year)

End
(month/year)

Type of activity

Nonrecurring
Design and
Engineering

(by platform)

Support to
Production
(by hull)

Support/Repair
(by hull)

1

2

9

10

NOTE: If there are more than 10 activities, please expand the list.

spaeAdiys jo Asaing

€cl
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21. [This question has been removed to protect commercial sensi-
tivity surrounding the future MOD programme.]

Resources Demands

22. For each technical workforce activity listed on the “Current and
Future Technical Workforce Plans” table (Question 20), please
provide the requested information in terms of hours with respect
to the workload demand in the shipyard by technical skill (rep-
licate this page as many times as necessary). In the table (on the
next page), “quarter 1” refers to the start of each activity.

In addition to the activities listed in Question 20, we would like
you to provide technical workforce estimates (if possible) for the activi-
ties you selected in Question 21. (If you feel that the estimates in Ques-
tion 21 are inaccurate, please provide the information using your own
estimates and indicate which assumptions you have made.)

Finally, for all in-service support/refit activities, we would like you
to provide an additional labour profile estimate for all nontechnical
work performed for each support activity.

Activity

Name:

Type of Work (e.g., new design, production, upgrade, support):

Number on “Current and Future Workforce Plans” table (Question 20):



Skill Category

Quarter

7

8

9

10

1

12

13

14

15

Until

End

Detailed
designers

Electrical and control

Mechanical (inc. piping, HVAC)

Hull/structural/arrangements

Other detailed design

Professional
engineers

Acoustics/signatures/dynamics

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements

Testing, commissioning, and
acceptance

Programme management

Safety/Environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering

Nontechnical
work

All nontechnical labour

spJeAdiys jo Aaning

scl
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Changing Technical Skill Requirements

23. It is well understood that using historical data to project future
technical activity profiles has certain implications. To better
understand how a future technical activity effort may differ
from a historical technical activity effort, it is important to
understand how a future design may differ. In your opinion,
what new skill sets will be required 10 years from now?

24. Inyour opinion, what existing skill sets will 7o longer be required
in 10 years from now or will be required to a much lesser degree
than at present?

Burden Rate Information

Definition: The term burden refers to overhead, general and admin-
istrative, and fee/profit costs. This burden is typically proportional to
direct hours and billed as a percentage of direct labour hours.

25a.Please provide the average, fully burdened hourly rate for your
employees by skill category in 2006 GBP for your technical and
design workforce.

Skill Category

Hourly Rate,
2006 Average (£f)

Detailed designers

Electrical and control

Mechanical (inc. piping, HVAC)

Hull/structural/arrangements

Other detailed design

Professional
engineers

Acoustics/signatures/dynamics

Combat systems and integration

Electrical and control

Mechanical/fluids

Naval architecture/marine

Planning and production support

Hull/structural/arrangements
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Hourly Rate,
Skill Category 2006 Average (£f)

Professional Testing, commissioning, and acceptance
engineers (cont.)

Programme management

Safety/environmental

Welding/metallurgy/materials

Propulsion

Nuclear specific (e.g., shielding)

Other engineering

25b. What are your standard work hours per year?

26. For your technical workforce, please provide in the table below
how burden/overhead changes as a function of the current busi-
ness base. If you have separate burden rates for different areas or
skills, please provide a rate table for each area.

% Change in Total Direct Burden/Overhead| Fully Burdened
Business Base Hours Rate (%) Rate (£/hr)

20

10

27. In the above table, what assumptions have you made concern-
ing the fixed burden costs (such as asset depreciation, rent, and
facilities maintenance)? Please describe.
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